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The Editor’s Page 


S the Fabric Wear and Wear Testing Conference, an- 
A nounced in the March issue, will be held a week after this 
issue goes to press its results will await publication in the May 
number. At this writing an attendance representative in num- 
bers and character is assured. If it proves as suecessful as now 
seems probable it will be the first of a series of conferences to 
be held on major research subjects of U. S. Institute. 


Correction 


A Critical Study of Cotton Manufacturing Processes. By 
R. L. Lee, Jr. Textile Research, V. 4, No. 5 (1934). 
The formula on P. 241, second line, should read: 


FWws.-v.) = V(oy,)? + (oy,)? 


Wanted: Back Issues of Textile Research 


UR stock of the November and December, 1933, issues of 
Textile Research is nearly exhausted. These particular 

issues are needed to provide complete files of Vol. IV for new 
members of U. 8S. Institute and to meet the demand for bound 
volumes. 

Until 50 copies of each of these issues have been received 
U. S. Institute will pay 50 cents a copy for them. 

Address Secretary, U. S. Institute for Textile Research, 
Ine., 65 Franklin St., Boston, Mass. 











Elastic and Plastic Properties of 
Textile Fibres 


Part {I1.—The Stress Strain Relation in Textile Fibres: 
Improved Technique; Application of Maxwell’s Flow 
Equation to the Present Study 


By RAYMOND L. STEINBERGER * 
(Continued from V. IV, No. 5) 


Abstract 


URING the progress of the work described in Part I + cer- 

tain improvements in apparatus and technique suggested 
themselves. The clamps have been improved so that they will 
hold fibres as fine as cotton and will not permit slipping during 
tests at low humidities when the surface hardness of the fibres 
becomes very great. A device has been provided whereby the 
two clamps may be handled as a unit during insertion of the 
fibre and can then be released from each other after being set 
up for measurement. An improved sectioning technique, de- 
veloped for very short fibres, is described. Results on cotton 
stress-strain relation and elastic hysteresis in Celanese have been 
obtained. Maxwell’s flow equation for plastic materials has 
been examined in its application to the present method. 


Experimental 


paratus is shown schematically in Fig. 1, which brings out the details 
more clearly than the photograph given in Part I. It will be recalled 
from the description given there that the fibre clamps were made of fibre 
board. This material has a sufficiently great surface hardness to hold the 
fibres when exposed to medium humidities. When, however, the relative 
humidity is reduced to less than 10% the surfaces of the textile fibres, 


© ee 5 ee in Apparatus: Fibre Clamps.—The assembled ap- 


* Dr. Steinberger is a Senior Fellow of the Textile Foundation working 
under the direction of Prof. P. W. Bridgman, Harvard University, Cam- 
bridge, Mass. 

t Tex. Rsch., V. 4, No. 5, P. 207-234. 
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Fig. 1 


especially cotton, become so hard and are so smooth that the fibre board is 
no longer able to grip them. Slipping was stopped by making the clamp 
roller of brass and cementing a small patch of sheet brass to the flat sur- 
face of the clamp under the roller. Brass is harder than the dry fibres and 
is also covered with oxide which takes the form of exceedingly fine spicules, 
thus giving a rough surface somewhat like sandpaper, which has good hold- 
ing quality. It was also discovered when working with cotton that, when 
testing exceedingly fine fibres, the holding ability could be improved by 
turning down the ends of the cylindrical roller in the manner shown in 
Fig. 2. Contact between roller and clamp face is made much more positive 
by this device. 


Specimen 


Fig. 2 
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Fibre Mounting Device——In working with long rayon fibres of rather 
large denier, sufficient length can be used to make the assembly of a piece 
in the clamps simple if care is exercised, but the short length and exceed- 
ingly small cross-section met with in cotton makes the assembly of a fibre 
in the two clamps, when the upper one is hanging on the tension-gauge 
lever, an exceedingly tedious undertaking involving an excessive number of 
failures. Therefore, to facilitate mounting, a holding device was provided 
which is shown in Fig. 3 (omitted from Fig. 1 in the interest of clearness). 
Two wire staples (A) are attached to the upper clamp (U C) by being in- 
serted in holes which were first filled with soft wax which grips the staples 
with sufficient force to hold the clamp (U C) suspended. To the other end 
of each staple is rigidly attached a minute brass tube (T). Two brass 
posts (P) are pressed tightly into the micrometer screw plate (PL). The 
posts and platform are drilled to allow the wire (W) to slip through readily. 
The upper clamp (U C) then hangs on the upper ends of the wires (W) 


Fig. 3 


which slip into the open ends of tubes (T). The friction of the wires (W) 
in the posts (P) is sufficient to hold the upper clamp at any desired sep- 
aration (L) from the lower clamp (LC). The micrometer screw slide with 
attached clamps may be moved about, or laid flat on the work table, for 
easy insertion of the fibre. The viscous friction of the staples (A) in the 
holes in the upper clamp permits considerable lateral motion of the upper 
clamp so that it may be lined up accurately with the lower one and yet 
have the clamps stay put after adjustment. 

It is important to have the fibre specimen as short as possible in order 
to minimize the effect of chance injuries. The usual practice was to bring 
the two clamps almost into contact with each other before inserting the 
fibre. Lengths as short as 1.5 cm. may readily be tested. By obvious 
modifications of the clamps still shorter specimens could be mounted. After 
the fibre is mounted the glass mantle with its split cover, shown in Fig. 1, 
is placed on the plate (PL), both mantle and cover being held in place by 
a small amount of soft wax. The completed assembly, consisting of screw 
slide, the two clamps with the mounted fibre and the glass mantle with 
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its cover, may be handled as a unit and clamped in the stand preparatory 
to hooking the stirrup (S) onto the lever arm of the tension gauge. This 
is readily accomplished for we have an excellent slow-motion device in the 
micrometer serew. With the stirrup hooked over, but not yet in contact 
with the tension-gauge lever, the wires (W) are pulled down from outside, 
releasing the upper clamp and leaving it hanging freely on the lever arm. 


Improvements in Technique 


Paraffine Mounting Procedure.—The long fibres, whose stress-strain 
curves are given in Part I, were prepared for mounting in paraffine by first 
being tied to a yarn of rayon to make a bundle large enough to form a 
candle when dipped in molten paraffine. The preparation of the bundle 
was accomplished by means of rather elaborate holding devices, useful only 
in working with long fibres. A new and much simpler method has been 
developed which works well with all lengths of fibres and makes the old 
method obsolete. Only 5 mm. of fibre is actually used in the improved 
sectioning. The method is a development of the technique used by Os- 
borne.t. The steps in the mounting processes are illustrated in Figs. 4 to 
7 inelusive.. A length of fibre (F) in Fig. 4 is cemented at each end, by 
means of a minute drop of melted shellac (S) to a rectangular tab of black 
paper (T) 3 mm. wide by 4 em. long. A microscope slide (SL), partly 
covered with thin tin foil (TF), is laid on a dark background and the fibre 
with the attached paper tabs is held down along the center of the slide 
with one fibre-to-paper junction (J) lying on the foil. A length of fine 
black silk thread (TH) is laid parallel to and in contact with the fibre, 
and both thread and fibre are held down by the small weights (W). 

A small amount of melted paraffine is then dropped on the fibre-paper 
junction (J), and, when cool, forms a small mound of paraffine (P) which 
adheres to the foil and contains the imbedded fibre and thread. With a 
sharp razor the paraffine is trimmed to the width of the paper tab, as 
shown in Fig. 5, leaving a ribbon of paraffine, about 1 mm. thick and 1 
em. long, adhering to the paper. The ribbon is cut long enough to con- 
tain about 5 mm. of mounted fibre. The strip of foil, which has also been 
cut away with the mount, can be peeled from the back of the paraftine 
ribbon with no injury to the mount, which, in the absence of the foil, would 
adhere firmly to the glass slide. Next, the short paraffine ribbon is built 
up to a candle by the usual dipping process to the shape shown in Fig. 6. 
The paper tab serves as a very convenient and necessary handle. 

With a sharp razor, starting near the section A A (Fig. 6) so as to be 
sure to cut through the specimen, the candle is cut into 1 mm. thick discs 
(D) which are then trimmed to minute squares (SQ), about 2 mm. on a 
side. The squares are packed together on a slide to form one large 4 mm. 
square (Fig. 7) and are then attached to the slide by gentle heating, which 
must be done by special means, for otherwise the mounts will surely be 
ruined by excessive melting. The following simple procedure was used 
with complete success in warming the paraffine squares: Two rectangular 
blocks of iron 3 x 3 & 8 em. were provided. One was heated until just too 
hot to hold in the hand, while the other was left at room temperature. The 
slide with the paraffine mounts is first laid on the warm block, and, as the 
paraffine heats slowly, the line of contact between paraffine and glass must 
be watched closely. At the first appearance of a meniscus of transparent 
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melted paraffine on the line of contact the slide must be quickly placed on 
the cold block, where the paraffine solidifies instantly, thus cementing the 
mounts to the slide. Heating and cooling take place mostly by radiation, 
and the glass slide does not pick up enough heat by conduction to melt the 
paraffine after removal from the warm block. 

After the paraffine was cemented to the slide the final sectioning was 
done with the brass rings and a sharp razor, as described in Part I,* fol- 
lowed by an etching technique which was discovered later and used with 
considerable success when studying the swelling of Celanese. A short length 
of fibre may, in effect, be placed erect on the slide, so that its upper end 
may be examined and the treated atmosphere has ready access to the sides 
of the fibre as well as the cut end. The paraffine is etched away by a 


je -& w 


eee ee 


mixture of about 10% xylene in absolute alcohol. The mixture is much 
slower in solvating action on paraffine than pure xylene alone, which would 
very quickly destroy the paraffine mount. The etching may be stopped 
quickly by washing with absolute alcohol. The fibre-end stands 5 or 10 
microns above the surface of the paraffine, depending on the etching time. 
The cut-end is very clearly defined and may be sketched or photographed 
readily. 

The paraffine-squares are arranged in the compact manner described 
in order that the four sections may be treated at the same time under a 
humidifier cell (to be described in Part III), which is attached to the 
microscope. Throughout the whole mounting procedure the black thread, 
which is visible to the unaided eye, marks the location of the single-fibre 
sections. Hunting for the sections under high-power magnification 1s 


* Tex. Rsch., V. 4, No. 5, P. 225. 
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greatly simplified, for it is necessary to look only in the immediate neigh- 
borhood of the black spot. When the section is once located it is immedi- 
ately recognized by its characteristic shape. 


Photographic Recording 


In all the work so far recorded the section areas were sketched manu- 
ally with the aid of a camera lucida. Sketching involves considerable per- 
sonal error and should preferably be replaced by photographic recording. 
No camera attachment for the microscope was available. One was impro- 
vised from mailing tubes and part of a small kodak. The details need not 
be described at length, but the section may be recorded with clarity of 
detail ample for the problem at hand. There was no means of knowing 
whether the image on the film was in perfect focus, consequently a sepa- 
rate exposure was made for each of several readings of the fine adjustment 
on either side of the setting for good focus on the ground glass. Fig. 8 


Fig. 8 


is an example of the type of record obtained. The sharpest exposure is 
picked for area measurement. The streak is due to leakage of light and 
the striations on the specimen are caused by a dull razor. The cure of 
both defects is obvious. Future area-of-section measurements will be made 
on similar photographic records. 


Additional Results on the Tensile Properties of Cotton 
and Celanese 


It is difficult to manage single cotton fibres. Experimental work does 
not always guarantee reliable results commensurate with the effort ex- 
pended. It has been the custom during this research to turn again to cot- 
ton when a new and more reliable development of technique suggests itself. 
When complete success with cotton appears to involve too much time a 
simpler fibre is used. After the meager results on cotton tensile properties 
listed in Table I were obtained, Celanese was again examined for new in- 
formation on tensile properties. Swelling studies on both cotton and 
Celanese were also made, and the results will be given in Part III. 


Cotton Stress-Strain Curves 


Two new cotton stress-strain curves have been obtained which are 
similar to the curve already reported in Part I,* but the slopes are different 


* Tex. Rsch., V. 4, No. 5, P. 231. 
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and the breaking strengths are different. The curves are all linear with no 
definite evidence of plastic flow. The results are given in Table I. 


TABLE | 
Data Relating to the Stress-Strain Curves for Cotton 








Section Areas Moduli 
X 104 mm? Kg/mm? 


RE |} AA |§ 
Room | Room | about Break 
8 J Re- Re- As Re- Re- 2 
Temp. | 2-H. duced | duced Re- | duced | duced kafems 


to to corded to 

on 0% 50% on 0% 
Charts} R.H. | R.H. | Charts] R.H. 
50 1.185 .823 1.029 530 761 
50 0.932 .848 1.060 414 455 
18 0.932 .848 1.060 1728 1900 











The data on the swelling of cotton have been used in Table I to reduce 
the section areas and moduli to the listed R. H. conditions. Test No. 1 was 
described in Part I.* The other two tests were made on one and the same 
specimen so that the recorded section areas are, of course, identical. Agree- 
ment between the section areas of the two different fibres, when reduced to 
the same humidity (i.e., 0%), is quite good, in view of the errors of meas- 
urement and the expected natural variation from fibre to fibre. Test No. 
2 was terminated by slipping in one clamp at the elongation 8%. More 
trustworthy results on cotton are anticipated in future experiments. 


Celanese: Stress-Strain and Elastic Hysteresis Data at 
Three Humidities 


In determining the stress and elongation with falling stress, backlash 
in the screw introduces an error at each elongation turning point. In a 
well constructed screw and nut, backlash can of course be made negligible, 


Backlash 
Divided Circle 
Divisions 
.O1 mm. 
Backlash Calibration 


of 
Tension Gauge Screw 


Scale Divisions (.5mm) 
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Fig. 9 
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but this was not necessary for the present work. A simple calibration 
served the purpose. By using a reading microscope with a cross hair as 
fiducial mark, the amount of backlash was easily determined for 17 set- 
tings, or for every fifth division of the linear scale which was divided in 
half-millimeters. Fig. 9 is the calibration chart in which backlash in terms 
of divided circle divisions is plotted against scale divisions. The curve is 
sufficiently horizontal to assume that over the scale range, which was small 
for a given experiment, the backlash is constant. 

Hysteresis.—Figs. 10, 11, and 12 are stress-strain relations in cellulose 
acetate (Celanese) fibre at three R. H. values: 100%, 54.8% and 0%. In 
each case the fibre was extended into the plastic flow region. The stress 
was then released to zero and immediately raised again until further flow 


Celanese 
S4BPRH. 214°C 
Dry Section Area 
3.301*10-4mm* 


Elongation in 1725 min. 
9 fo if & 3 8 & 6 7 B 


Fig. 11 


set in, The cycle was repeated several times at each R. H. as indicated in 
the charts. The improved section-measuring technique was used and 
stresses were computed on the basis of dry section area. Ordinate dif- 
ferences between curves accurately represent stress differences. The curves 
exhibit the form characteristic of metals during cold working. The total 
energy content increases greatly with falling R. H. The range of elastic 
strength is greatly enhanced by previous flow. This is attributed to orien- 
tation of the micelles parallel to the tension axis, the micelles remaining 
intact. The same type of curve obtained with metals is due to limited 
slip within the crystallites, at first along planes of maximum shear stress. 
The erystal grains do not turn bodily. 

Karger and Schmid,? using a constant velocity of elongation, did not 
find an accurately linear initial portion of the stress-strain curve from which 
Young’s modulus could be determined. They used the slope of the return 
or unloading curve. It is quite clear that the modulus as determined by 
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the two methods is approximately the same. The median lines of the 
hysteresis loops are approximately parallel to the initial linear part. 

The third hysteresis loop in Fig. 10 at 100% R. H. is open at the bot- 
tom. The apparatus was accidentally jarred during the run. The tension 
gauge was knocked out of its initial setting by an amount which could not 
be determined until after final termination of the run; consequently, in 
returning to zero in the third loop, the setting for zero stress was overshot 


15 
4 


43 


Stress 
Kg/mm* 


Celanese 
O*R.H. 23.6°C 
Dry Section Area 

314210 tam? 


% Elongation in 14.4mm. 
ss , “a ws =a os” Sm 


Fig. 12 


considerably. The opening at the bottom represents the relaxation of the 
fibre by about 0.5% elongation in the time (about 4 minutes) when the 
tension was entirely removed. 


Analysis of the Stress-Strain Relation: Application of 
Maxwell’s Stress Equation 


Before the real significance of the stress-strain curves presented here 
and in Part I can be brought out, an analysis of the manner in which they 
were obtained is necessary. The results obtained in any study of the 
mechanical properties of plastic materials are in a large measure dependent 
on the peculiar technique involved, mainly because the time variable enters 
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into the problem.3 The measurement technique followed here will be 
analyzed in its ideal form. Certain modifications of the tension instrument 
will be necessary before the ideal procedure can be applied exactly in the 
stressing of fibres. The deviations from the ideal were, however, not so 
great as to prevent this analysis from yielding relations which have a bear- 
ing on the experimental data already collected. 

Attempts have been made to explaia flow phenomena in plastic ma- 
terials from Maxwell’s point of view.4 He gave the expression 


dT/dt =c(dE/dt) —T/tr 


for the rate of change of tension T in a plastic material extended at the 
rate dE/dt. It may be well to test the application of the equation in the 
present case. Writing the equation in terms of unit stress s where a is the 
section area, we have 


ds/dt = (e/a) (dE/dt) —s/t,. (1) 


The relaxation time tr, for the simplest possible behavior of the material 
should be a constant, but actually it appears to be a function of botl 
stress and strain. The relaxation time on the stress-strain charts is not t: 
but is arbitrarily set at the value 30 seconds while tr is the time required 
for the stress to fall the fractional amount 1/e when the elongation is held 
at a constant value. If the material is suddenly extended and held at a 
constant elongation, dE/dt is zero, except for the initial accelerating 
period, and the solution becomes 

It 


s= Soe "/ ‘ 


The stress falls exponentially with time from its initial value So. Within 
any time interval (At) Eq. 1 can also be solved in the present case if 
certain assumptions are made as to experimental procedure. Essentially the 
fibre is held between a screw and a deflecting spring. Motion of the screw 
puts a tension on the fibre. The fibre transmits the tension to the tension 
gauge or spring, the deflection of which is an accurate measure of the fibre 
tension. Exactly the same result could be obtained if one end of the fibre 
were permanently fixed and motion were given to the device which holds 
the spring. 

Let Fig. 13 schematically represent conditions during the two first time 
intervals. Let the spring (i.e., the tension gauge) be given a displacement 


* ds B 
Uo " 1 t=0 


P 6 = EU, a 


Lutes — t=t, 


ain kus Uot Uy, —s 


Uz 
Fig. 13 
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u, While the fibre is held at its slack length L, At t=O release the end 
B of the fibre A, being fixed at all times. The fibre stress will then be 


S: =kuo/a 
where k is the elastic constant of the spring. At the end of the time in- 
terval At =t, the stress will have fallen to the value 

si =ku,/a, 
where u, is the residual displacement in the spring. At t= t, the spring is 


again instantaneously extended to the value u, + u, when the fibre stress is 


S.=k(up-+un)/a. 


After the lapse of the second time interval At (i.e., at t==t,), the stress 
will again have fallen, but this time to 


8S2= ku,/a, 


where u, is the residual spring extension at the end of the second time in- 
terval. The total extension of the fibre at the end of the nth interval 
will be 

Ep = (nuo —Un) 
and the corresponding stress will be 


Sp = kup/a. 


This is not the precise procedure followed. However, the apparatus could 
be so modified as to approximate it. The resulting stress-strain curves 
would probably be the same as those submitted. The amount of motion 
given to the screw at each reading is exactly u,. In the first time interval 
the extension 

E=up—u 
and the stress 

s=ku/a. 
Therefore, 

s=k(uy—E)/a 
and 
ds/dt = —(k/a)dE/dt. 


Eq. 1 then becomes 


ds/dt = — (e/k)(ds/dt) —s/t, 
with the solution 
s=S,et/te(ite/k) 


Let 
tr(1+e/k) =t,’, 


which will be the relaxation time of the system as a whole. At the end of 
the first time interval the stress is therefore 


81 =S,e4t/ty’, 
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At the end of the second time interval the instantaneous total stress is 
s2=(Sit+sie Atte 
= Se Atte’ + Sie 7H te 


on the assumption that it is the total stress existing at any instant which 
decays with time. Then at the end of the nth interval 


Sn =§,(eAtte’ + pon +e-nit tr’) 
=§,2p. 


The total extension E. at the end of the nth interval is related to the 
stress so for 


E, =NuUo— Up 
and 


Up = aSi/k, 


Up = a8 /K- 
Therefore 
Ey =a(nS; —sp)/k. (2) 


This is an equation connecting elongation and unit stress at the nth read- 
ing and characterizes only the method of experimentation. It does not con- 
tain any explicit constant of the material except the geometric constant a. 
Some information of qualitative value can be obtained by setting up the 
expression for the slope of the stress-strain curve. This cannot be done by 
forming the first derivative, because En is not a continuous function of 
stress sn. However, the slope of the line joining any two adjacent points is 
a sufficiently close approximation and can easily be determined. By 
analogy with Eq. 2 the value of Ex_, can be written. The elongation inere- 
ment AE is then formed by subtracting En_, from Ex. The corresponding 
stress increment is As. It follows then that 


AE =a(S, —As)/k. 
3ut sn is related to S, in such a manner that 
As =S,eAt/te’, 
The initial stress S, can therefore be eliminated and the slope g can be set 
up as the ratio of As to AE and we have 
nAt/t,’_7)_ 


g=k/a(e 


The only quantity of intrinsic physical significance, namely tr’, has been 
introduced here by the elimination of S,. The slope g is a maximum when 
nisaminimum. The stress-strain curve should start from the origin with its 
maximum slope which then falls continuously as the number of the observa- 





284 Textile Research 


tion increases. For a given value of nAt the slope increases as the relaxa- 
tion time tr’ of the system as a whole increases. The slower the rate of 
stress relaxation the greater the slope of the stress-strain curve. 

Assuming that the small initial slope of the wool curve (see Part I *) 
is entirely due to the removal of kinks, we can say that the protein fibres, 
silk and wool, are well characterized by the above slope equation. Under 
the experimental conditions specified they are predominantly plastic bodies, 
in which Maxwell’s idea of relaxation of stress by viscous yield is the main 
phenomenon. In the cellulosic fibres an additional elastic structure must 
be assumed, for the purely viscous mechanism cannot give linear stress- 
strain relations. At the breaks A, B and C in the silk and nitrocellulose 
charts the value of the initial stress S, was increased. On the assumption 
that the material exhibits viscous relaxation of stress, it can be shown that, 
if S, is increased in the nth interval, the slope in the nth interval bears 
a complicated relation to the increase in §,, to the number of the reading 
and to the ratio At/tr’. To push the mathematical discussion further will 
be of little value until a greater amount of experimental data is collected. 
Whether a fibre behaves as an elastic or viscous mechanism is largely a 
function of conditions such as moisture content and temperature. Much 
experimental information is necessary before a clear-cut decision can be 
made between behavior which is an intrinsic property of the material, or 
is merely a function of external conditions or manipulation. Scott-Blair 
and Schofield * * have considered the significance of relaxation constants in 
soft materials and its bearing on Maxwell’s ideas. Recent x-ray investiga- 
tions (see Part I, References 2 to 19 inel.) have shed much light on the 
underlying causes of the difference between textile fibres when under 
tension. 

Objection may be raised here because in Maxwell’s original treat- 
ment s was a shearing stress, which at first seems inapplicable to the 
present case where only pure tension is applied to the fibre material. It 
can be shown, however, from elementary elasticity theory, that in an iso- 
tropic body when subjected to simple tension there exist shearing stresses 
acting parallel to planes inclined to the tension axis. The shearing stress 
along any given plane is proportional to the tension stress and is a maxi- 
mum along planes inclined at an angle of 45° to the tension axis. The 
maximum shear stress is equal to half the tensile stress. Failure will, 
therefore, take place by shearing along planes of maximum shear stress 
(i.e., along 45° planes) in materials which are weaker in shear than in ten- 
sion. Mild steel belongs to this class. The great intrinsic strength of the 
micelles of textile fibres, as compared with their strength of adhesion, leads 
one to expect that, when plastic flow (i.e., stress failure) begins in a fibre, 
stress relaxation occurs through shear. The unoriented fibres, in their gross 
aspect, simulate the isotropic materials (e.g., steel) to which the elastic 
theories apply, and stress failure will set in by shearing along the planes 
of maximum shear stress. The more highly oriented fibres present a dif- 
ferent problem in elasticity, for they are not isotropic. Failure, however, 
will, even in this case, certainly take place by shear or sliding at the con- 
tact surfaces between micelles. The planes of shearing motion will not 
necessarily be inclined at an angle of 45° to the tension axis. 

There is a fundamental molecular difference between the cellulosic fibres 
and wool. In the former the micelles are of great intrinsic strength. In 


* Pet; Rasch... Vo4, No. /5,-P 230. 
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ramie (i.e., pure cellulose) the micelles which are monoclinic crystals are 
oriented with their long axes parallel to the fibre axis, and spirally about 
the fibre axis in the case of cotton. Tension is thus supported by the strong 
axial intermolecular forces of the principal valence chains. There is little 
tendency for the micelles to rotate under tension. A linear stress-strain 
curve is to be expected. In rayon the micelles are not perfectly oriented. 
After a certain stress is exceeded the fibre yields plastically, with turning 
of the micelles more nearly parallel to the fibre axis. 

It has been suggested by Astbury and his co-workers that wool pos- 
sesses elastic properties of a type entirely different from that of cellulose. 
Stretching of wool seems to involve an actual deformation of the polypep- 
tide chain molecule of keratin. In the ease of cellulose fibres, ramie and 
cotton, it would be expected that, before yield by micelle slip, the prin- 
cipal valence chains supporting the tension will extend with a linear 
stress-strain relation. On the other hand, in wool there is considerable 
frictional resistance to extension because each molecular link, in opening 
out, is impeded by its lateral neighbors. To get the full extension of wool 
it is necessary to reduce the lateral interference by the use of moisture 
or steam. The characteristic difference between the stress-strain curves for 
the cellulosic fibres and wool, and probably silk, is therefore related to a 
structure finer than the micelle, i.e., to the molecule. Plastic yield in the 
protein fibres takes place by ‘‘molecular flow,’’ in the cellulosic fibres by 
‘micelle flow.’’ 

This paper represents part of the work done under a fellowship grant 
from the Textile Foundation. The writer wishes to express his appreciation 
of the hospitable extension of the facilities of Jefferson Laboratory by 
Director Lyman and the willingness of Professor Bridgman to act as di- 
rector of the work. The assistance of Professor E. R. Schwarz, of Massa- 
chusetts Institute of Technology, in getting the writer properly started in 
an unfamiliar field is greatly appreciated. 
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X-ray Analysis of Textile Fibres 


Part II.—Experimental Methods; Single Fibre 
Studies; Adsorption Effects; Fibre Decomposition; 
Oxidized Cellulose and Fibre Structure 


By WAYNE A. SISSON * 


Introduction 


eee of attacking a definite problem and completing it 
before starting another, the author has chosen to begin work 
by making a literature survey of the whole field, followed by 
experimental work on the fundamental structure of cellulose. 
This program has given a better perspective of the whole field 
of the x-ray analysis of textile fibres as a background for future 
work, and at the same time has suggested many interesting prob- 
lems. Several investigations are now in progress with the in- 
tention of later concentrating on the more promising ones. 

The experimental work to date has been of a preliminary 
nature. None of the work has progressed to the extent that 
final conclusions may be drawn. However, this report includes 
in some detail the nature of the investigations, the results ob- 
tained and the program for future work. 


Experimental Methods 


graphed. The method of obtaining these x-ray diffraction patterns 
was practically the same as that described in many places in the lit- 
erature. 

A standard Miiller hot filament x-ray tube with a water-cooled copper 
target (Ka. = 1.54 A. U.) was the source of radiation. It was run at 30 
kilovolts and 25-27 milliamps. In some cases a nickel foil filter (0.005- 
0.007 mm. thick) was used to obtain a practically monochromatic beam. 
However, for most work a polychromatic beam was used, since approxi- 
mately twice the time of exposure is necessary when using a filter. The 
KB line does not greatly complicate the pattern since it is very weak and 


KD este the experimental work over 150 samples have been photo- 


* Dr. Sisson is a senior fellow of the Textile Foundation working under 
the direction of Prof. George L. Clark, University of Illinois, Urbana, III. 
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does not show up except for long exposures. The time of exposure varies 
from 30 minutes to 5 hours depending upon the intensity of the x-ray beam, 
nature of the sample, diameter of pinhole system, sample-to-film distance, 
and type of pattern desired. 

The cassettes, or film holders, were of the usual flat type, mounted 
perpendicular to the x-ray beam. For rapid preliminary work a sample-to- 
film distance of 4 em. was used. For more accurate work, when the spacings 
are to measured, a 5 em. distance was used. The accuracy with which the 
spacings can be determined by this method is about 1%. The spacings are 
computed from the well known equation nA=2d sin 6, or read from a 
large graph, constructed by plotting the diameter of ring (5 em. sample to 
plate distance) against the spacing. 

The bundle of parallel fibres, usually 0.5 to 1.5 millimeter in diameter, 
is mounted over the outer pinhole, with the fibre axis perpendicular to the 
x-ray beam. A lead pinhole system 3% inches long, with the back opening 
(nearest target) 0.040 inch in diameter. For rapid preliminary work a 
front pinhole 0.040 inch in diameter was used, while for more accurate work, 
where good resolution is necessary, a diameter of 0.020 to 0.025 inch is 
needed. 

It was found that secondary radiation from the lead button, used to 
stop the central beam, may be reduced to a minimum by employing a cup- 
shaped lead button. 

Most textile fibres can be conveniently mounted in a parallel bundle 
by winding the fibres as tightly as possible with a single fibre of natural 
silk. This holds the fibres straight by pressure and the few fibres of silk 
irradiated do not interfere with the pattern, since silk gives a very weak 
diffuse picture. 

Rapid exposures for special work may be obtained with a short pin- 
hole system (1 to 1% inch) and a larger pinhole opening (14, to % inch) 
near the window. Although the x-ray beam in this case is somewhat more 
divergent than that defined by a long parallel pinhole system, the diffrac- 
tion patterns still have good definition. 


Single Fibres: Microcamera 


Kratky * pointed out the possibility of developing a microcamera for 
taking x-ray patterns of very small crystals, and later published details * 
of constructing such a camera. Eckling and Kratky* used this type of 
camera to investigate individual cells of ramie fibre and always obtained 
the usual type of x-ray diagram. They concluded that no radial or con- 
centric symmetry was present, or at least it was not shown by this method. 

The results of Eckling and Kratky are to be anticipated since the work 
of Strasburger‘* and Balls* has demonstrated that the cellulose substance 
is deposited by the protoplasm of the cell, layer upon layer, on the inside 
of the wall, forming more or less concentric cylinders. Sponsler® has 
pointed out that it is impossible to obtain information concerning the 
orientation of the cellulose structure in a cross section of the cell wall, 
since all parts of the cylindrical tube diffract x-rays. Cotton fibres offer 
a greater possibility of success in making such investigations, since they are 
more ribbon-like than ramie fibres, and are known to have a greater varia- 
tion of structure. 
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The problem can be best stated by quoting from a recent paper by 
‘arr and Clark? entitled ‘‘Cotton Fibers. II. Structural Features of the 
Wall Suggested by X-ray Diffraction Analysis and Observations in Ordi- 
nary and Plane-polarized Light.’’ Mrs. Farr states her problem thus: 
‘“Tnconsistencies in the regularity of secondary wall configuration were 
observed in fibers of different varieties, in fibers of the same variety, in 
fibers from a single seed, and even in different parts of the same fiber. The 
possibility of a relationship between degree of regularity in gross orienta- 
tion of the wall materials and the variation in the lengths of ares pro- 
duced upon the diffraction patterns suggested itself. In other words, the 
question arose as to whether or not a wall structure of extreme regularity 
in a cotton fiber would produce a diffraction pattern with shorter ares than 
would be indicated in the diffraction pattern of a wall or portion of a wall 
less regular in structure. If this were found to be true, it would follow that 
a measurable relationship may exist between the arrangement of the very 
small structural units evidenced by means of x-rays, and the variations in 
wall structure which are within the limits of microscopic observation.’’ 

Quoting the authors further: ‘‘Since a diffraction pattern (of cotton) 
is usually made from a bundle of a hundred or more fibers, and since the 
variations in wall structure within a single fiber are numerous enough to 
make a sufficiently detailed microscopic survey of the irradiated portion of 
such a bundle very difficult, specific correlation by this means was not 
attempted. The production of x-ray diffraction patterns of a single fiber 
whose areas of more or jess uniform wall configuration have been mapped 
out and photographed separately will furnish an excellent basis for 
specific correlations. The single fiber method requires, however, the use of 
a very small beam of x-rays which, in turn, makes necessary the construction 
of a special type of camera. The first model of such a camera has been 
constructed and is being tested in the x-ray laboratory.’’ The immediate 
problem has been, therefore, to construct a microcamera with which x-ray 
diffraction patterns of single cotton fibres could be obtained. 


Construction of Camera 


Two cameras especially designed to photograph single fibres have been 
constructed. These cameras are of the cylindrical and flat film design with 
a sample-to-film distance of 2 and 2.5 em. distance respectively. The front 
pinholes have diameters (approximately .005 em.) approaching that of 
single cotton fibres with the back pinholes considerably larger (.05 em.). 
The construction and proper countersinking of the front pinhole offered 
considerable difficulty. The most satisfactory results were obtained by cast- 
ing Wood’s metal around a greased wire of the proper diameter and 
pulling the wire out. A small drill was used to countersink the pinhole thus 
formed. A more satisfactory method of obtaining both pinhole and counter- 
bore in one operation consisted in grinding a needle to the desired diameter 
and using this as a drill in the soft Wood’s metal. Since long exposures 
are necessary (5 to 10 hours) the fogging was reduced to a minimum by 
using an aluminum back for the cameras and allowing the central beam to 
pass through a hole in the film and camera and be stopped by a picene 
sereen on the outside of the camera. The sample is attached directly to 
the demountable front pinhole and the exact position of the fibre irradiated 
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may be examined under the microscope. A photograph of the two cameras 


in use is given in Fig. 1. 
Results 


Very satisfactory diffraction patterns of single ramie fibres have been 
obtained and the results of Kratky* confirmed. Cotton fibres have proved 
more difficult due to the less definitely arranged and smaller amount of 
diffracting cellulose material. However, satisfactory patterns have been 
obtained from 5 to 10 cotton fibres and this makes the solution of our 
original problem possible, but more difficult than if single fibres could be 
photographed. The types of patterns obtained with one of the microcam- 
eras are illustrated in Fig. 2. 

If the cellulose is deposited in the cell wall of ramie fibres in the 
manner suggested by Sponsler,® then an x-ray beam passing through the 
outer portion of one side of a cross section of the cylindrical cell should 
give a pattern similar to that obtained from Volonia Ventricosa.” How- 
ever, due to the difficulty of handling such a small sample, repeated efforts 
have at this writing failed to give a satisfactory pattern. 


Miscellaneous Samples 


Some interesting results have been obtained from the examination of 
several miscellaneous samples. 

(A) Ancient Cottons—The samples for this examination were fur- 
nished by Mrs. Wanda K. Farr of the Division of Cotton Marketing, United 


States Department of Agriculture. 
SAMPLES EXAMINED 


1, Cotton from  Pre-Inca_ Peru. 
Second century A.D. from Am. 
Mus. Nat. History. Carded pre- 
paratory to spinning. 

. Cotton from  Pre-Inea_ Peru. 
Second century A.D. from Am. 
Mus. Nat. History. Brown va- 
riety—natural color. 


3. Toneatine River Jungle Cotton. 
Recent—1900. Worn by escaped 
negro slaves. (Trees Guiana.) 

. Double cloth. Light brown. 
Pre-Inea Peruvian. 

5. Double cloth. Dark brown. 
Pre-Inca Peruvian. 

5. Master 3-ply yarn of the world. 
Pre-Inca Peruvian. 

. 3-ply Pre-Inca Peruvian. 

. 12th century Maya. 
Chicken, Itze. 

. Cotton voile. 
century A.D. 


Lake 


Pre-Inea 2nd—9th 


RESULTS 


. Gave typical cotton pattern. 


. Typical cotton pattern with the 
exception of the inner rings (5.40 
and 6.10 spacings), which are not 
as clearly separated and are very 
much weaker in intensity than 
that usually found. 

. Pattern typical of ramie rather 
than cotton. 


. Intensity of inner lines weak, 
similar to sample No. 2, however, 
not as pronounced. 

. Similar to No. 4, but less pro- 
nounced. 

. Typical cotton pattern. 


. Similar to No. 5. 

. Cotton pattern missing. New 
lines present not due to cellulose. 

. Typical cotton pattern. 
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At present we are unable to explain the patterns obtained for samples 
No. 2 and No. 4. Mrs. Farr’ has referred to sample No. 3 as ‘‘ jungle 
cotton,’’ having a high degree of regularity in gross orientation of the 
wall material. The x-ray pattern is typical of a bast fibre rather than of 
a cotton fibre. 

Sample No. 8 is very fragile, probably due to age and oxidation. As 
will be pointed out later, an x-ray pattern, similar to No. 8, was obtained 
by oxidizing ramie fibres. Thus the new lines are probably due to oxida- 
tion products. Many of the other fibres are very weak from age. Since 
there is no change in the x-ray pattern, the evidence is that the weakness 
due to aging is of an inter-micellar nature rather than a change in the 
structure of the cellulose chains. 

(B) Commercial Cottons.—Dr. R. H. Gerke, of the Research Labora- 
tories of the United States Rubber Company, has furnished samples of in- 
ferior cotton grown on irrigated land, and other samples of Eastern and 
Egyptian Cottons for comparison. The x-ray structure of the poor samples 
appeared to be identical with that of the good ones. 

(C) Bast Fibres.—Dr. Lyster H. Dewey, Division of Fiber Plant In- 
vestigations, Bureau of Plant Industry, has very kindly supplied several 
samples of bast fibres which have been examined with x-rays. The samples 
included ‘‘China Grass,’’ ramie degummed, ramie degummed and bleached, 
sisal, hemp, flax, and pita floja. 

(D) Miscellaneous Fibres.—As a matter of general interest, several 
types of textile fibres, such as’ wool, natural silk, various types of rayon, 
linen, cotton, mercerized cotton, wood, etc., have been photographed. (See 
Figs. 3 to 12 inclusive.) 


Adsorption 


Herzog and Gonell® made an x-ray study of the weighting of silk, and 
reported that eryptocrystalline deposits were formed. Aborn and David- 
son ” investigated with x-rays the structure of salts adsorbed on cellulose. 
They were interested in the mechanism of the adsorption process. Meyer” 
attempted to explain the affinity of direct dyestuffs for cellulose fibres on 
the basis of their x-ray structure and the dimensions of the dye molecule. 
Bion ™ studied the deposition of metal salts and dyes on cellulose fibres and 
found most metal salts deposited as unoriented crystals, while organic dyes 
failed to give definite lines. Hess and Trogus reported a definite arrange- 
ment of the erystallites of paper fillers. Ohara and Matsunoga * claim that 
gold erystals, which cause dichroism of the silk, are distributed in dis- 
orderly fashion among the micelles of silk. 

It was thought of interest to study the orientation of various adsorbed 
materials on cellulose fibres. It is obvious that in attacking such a problem 
with x-rays, one must work with long molecules, which give definite diffrac- 
tion lines, from which the orientation of the adsorbed molecule can be 
determined. 

Some ‘of the preliminary results are as follows: 

(A) Iodine. Strachan*™ reported that iodine is deposited with a pre- 
ferred orientation on cellulose fibres, as indicated by light becoming polar- 
ized when passing through fibres stained with iodine. 

An attempt to confirm this observation with x-rays has failed. The ad- 
sorbed iodine appears to give an amorphous ring and the results confirm 
those of Bion.” 
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(B) Paraffin. It is well known that paraffin molecules, if allowed to 
reach a state of equilibrium, will orientate themselves on certain surfaces 
with the long dimension perpendicular to the surface."* Several methods 
of depositing the paraffin on cellulose were tried, two of which were suc- 
cessful. One method consisted of immersing a ramie sample in a low-boiling 
paraffin, heated near its boiling point, and then suspending the sample in 
the vapor of a higher boiling-point paraffin, which allowed the excess low- 
boiling paraffin to distill off. For the other method the paraffin was dis- 
solved in a volatile organic solvent, the ramie fibres were soaked in this 
solution, and the solvent was allowed to evaporate after removing the 
sample. X-ray analysis showed the long dimension of the paraffin mole 
cules to have a preferential orientation perpendicular to the ramie fibres. 
(Fig. 13.) 

(C) Soap. Soap molecules will orientate themselves similar to paraffin 
on smooth surfaces.” By immersing a ramie sample in a boiling solution of 
the proper soap (sodium palmitate) concentration and afterwards allowing 
the sample to dry, the x-ray pattern showed the soap molecules to have the 
same orientation as that reported for paraffin. (Fig. 14.) 


Discussion 


Obtaining the proper deposit of soap or paraffin is largely a matter of 
trial and error. If the deposit is too thin, no diffraction patterns are ob- 
tained; if too thick, a random orientation characteristic of soap or paraffin 
itself is obtained. As yet it is not known whether the preferred orienta- 
tion of the paraffin and soap molecules takes place on the surface of the 
micelle or the wall surface of the ramie fibre. Stearic acid and vaseline 
are known to orientate themselves in a similar fashion but were tried with- 
out success. The orientation of the paraffin molecules is of interest in re- 
lation to the waterproofing of textiles. 


Future Work 


It is hoped to find some organic dyes which give definite x-ray diffrac- 
tion lines from which the orientation of the molecule can be determined. 
This should yield information concerning the dyeing of textile fibres. An 
experiment has been outlined which should prove whether the paraffin and 
soap molecules are oriented on the surface of the micelle or on the surface 
of the cell walls. A study of adsorption from solution of some of the 
soap solvents suggested by McBain and McClotchie * should be of interest. 

If the cellulose lattice is deposited in the cell wall as reported by 
Sponsler,” so as to present a surface studded with hydroxyls, this should 
influence the orientation of certain adsorbed dye molecules. 


Decomposition 


Considerable x-ray work has been carried out within the last eight 
years regarding the effects of chemical reagents upon cellulose, and much 
information concerning its structure obtained from these studies. Another 
important avenue of attack, in studying the composition of cellulose, is 
the process of decomposition by distillation. Since a search of the litera- 
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ture has failed to disclose any x-ray data regarding this process, it was 
thought of interest and importance that an x-ray study be made. The 
degradation of cellulose by dry distillation is extremely complicated, and 
the conclusions regarding its structure, which might be drawn from such 
a study, are significant only in special cases. 

Most of the scientific investigations have been concerned with the prod- 
ucts obtained by the technical process of the dry distillation of wood. An 
investigation of probable reactions and products obtained by the dry dis- 
tillation of cellulose has been made by Klason,” and a discussion of the 
process may be found in any treatise on the chemistry of cellulose. A 
further discussion of the literature and theory will be given in a later 
publication. 

(A) Cotton Heated in Air—A set of preliminary experiments were 
made by heating samples of Egyptian cotton twine in an electric furnace 
at various temperatures for 12 hours. X-ray patterns were taken of the 
samples after heating. The patterns showed a gradual blurring of the 
diffraction lines as the temperature was increased, until they were replaced 
by the amorphous pattern of carbon. This indicated a gradual process of 
decomposition. It is interesting to note that the 3.98 line, representing the 
distance between the layers of cellulose chains, is the last to disappear, 
which illustrates the stability of the cellulose chains. 

Fig. 15 illustrates the changes that take place in cotton heated in air. 

Cotton Heated under Oil.—Since it is difficult to control the tempera- 
ture, oxidation by air, etc., when heating samples in a furnace or oven, it 
was decided to heat the samples under a neutral paraffin oil in the manner 
described by Casta." This method permits all the fibres to be heated uni- 
formly and the temperature to be read accurately, since the oil bath can be 
stirred and the sample attached directly to the thermometer; the technique 
being similar to a melting point determination. Experimentation sliowed 
ordinary paraffin wax to be satisfactory as aheating medium. After 
heating, the paraffin is removed from the sample with benzene. 

In order to study the visible effects of temperature, three different 
heating experiments were performed. Each time three samples of eastern, 
Egyptian and western cotton twine were heated slowly. The changes noted 
may be summarized as follows: 


Temp. °C. REMARKS 


250-270 ivolution of gas (analysis showed CO,). 

280-290 Evolution of gas greatest. Gas—CO, and 
H,0. 

300-310 Evolution of gas ceases, leaving a black brown 
residue. 


Several other samples were heated for one hour at the critical tem- 
peratures suggested above. X-ray analysis of these samples indicated the 


following results: 
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Fic. 1 (Left) Flat film micro-camera in use. (Right) Cylindrical micro- 
camera in use. 


Fic. 2. (Left) Single fibre of ‘‘jungle cotton.’’ (Centre) Eight cotton 
fibres. (Right) Single ramie fibre. 


Fic. 3. Ramie. Fig. 4. Natural Silk. Fig. 5. Cotton. 
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Fig. 6. Mercerized Cotton. Fig. 7. Hemp. 


Fig. 8. Sisal. Fig. 9. Wool. Fig. 10. Flax. 


Fig. 11. Viscose rayon. Fig. 12. Cuprammonium rayon. 





Fic. 13. Paraffin adsorbed on Fig. 14. Soap adsorbed on ramie 
ramie fibres. fibres. 


Fig. 15. (Top-Left) Cotton twine before heating. (Top-Right) Cotton 
twine heated in air; before decomposition begins. (Bottom-Left) Cotton 
twine heated in air; intermediate decomposition. (Bottom-Right) Cotton 
twine heated in air; final decomposition. 





Fig. 16. (Top-Left) Ramie fibres before heating. (Top-Centre) 
Ramie fibres after heating at 282.5° C. (Top-Right) Ramie fibres after 
heating at 292.5° C. (Bottom-Left) Ramie fibres after heating at 
297.5° C. (Bottom-Right) Ramie fibres after heating at 302.5° C. 


Fic. 18. Ramie fibres (5 cm. sample to Fic. 19. Ramie fibres (Taken with nickel 
film distance). filter). 
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Tremp. °C. REMARKS 

Bele 250) sie eee sicinwiee No change in structure. 

250-270 Diffraction lines become diffuse, but spacings 
remain the same. Dimensions of the unit 
cell are not changed. 

280-300 Cellulose pattern changed to carbon. Process 
gradual. 

300-310 Carbon pattern obtained. 


Fig. 17. Ramie fibres after various periods of oxidation: (top-left) 
12 hrs.; (top-right) 50 hrs.; (bottom-left) 65 hrs.; (bottom-right) 
80 hrs. 





298 Textile Research 


Due to the spiral arrangement of the fibrils in cotton, only a limited 
amount of information concerning the structure of cellulose can be ob- 
tained from cotton x-ray patterns. Ramie fibres give a better fibre pattern 
and were used in the next series of experiments. 

(B) Ramie.—Time has not permitted the completion of this set of 
experiments. To date two samples of ramie, one in the form of crude fibre, 


Fig. 20. Ramie: (Top-Left) 0° to X-ray beam (fibres parallel to 
beam). (Top-Centre) 15° to X-ray beam. (Top-Right) 45° to X-ray 
beam. (Bottom-Left) 60° to X-ray beam. (Bottom-Centre) 75° to X-ray 
beam. (Bottom-Right) 90° to X-ray beam. 


or ‘‘China Grass,’’ and the other degummed and bleached, were heated for 
30 minutes, the sample removed, an x-ray pattern taken and the same proc- 
ess repeated at a higher temperature. The following results were obtained: 


Temp. °C. X-RAY PATTERN 

Beast DI 6s 0 5 eso) sa oreh6' 9's. sles No change. 

Ee scp eiaieiSeslecinive-em No change. 

282.5 + 2 Lines sharper. 

PD ISIS « seicisiere(cuisve si awe's Intensity of remaining lines changes. 

297.5 + 2 Intensity of remain 
ing lines weak. 

302.5 + 2 Only a few faint lines for cellulose remain. 
Three new lines appear, also indication of 
carbon pattern present. 
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The ‘‘China Grass’’ was accidentally broken (sample loses tensile 
strength) and discarded after heating at 282.5° C, 
Fig. 16 shows the change in x-ray pattern after heating. 


Discussion of Results 


One of the most obvious facts shown by this experiment is the re- 
markable stability of the cellulose chain. Evidence points to the complete 
removal of the side groups before the position of the chains in the unit 
cell is destroyed. The change in intensity of certain lines, and the presence 
of new lines before the appearance of the carbon residue pattern, suggest 
a rearrangement and possibly a new product. However, these prelim- 
inary experiments will have to be repeated and additional ones performed, 
with the x-ray patterns taken at a greater sample-to-film distance, before 
any definite conclusions can be drawn. 


Future Work 


The dry distillation of cellulose in a vacuum was first carried out by 
Picket and Sarasin.” By this process they were able to identify a new 
product, levoglucosan, which had previously escaped detection due to the 
violent action at ordinary pressure. An x-ray investigation of the decom- 
position process of ramie fibres under vacuum distillation is in progress. 


Oxidized Cellulose 


A search of the literature reveals many publications on the chemistry 
of oxycellulose or oxidized cellulose, but only a few vague statements re- 
garding its x-ray structure. Herzog 23 states that hydrocellulose and oxy- 
cellulose consist largely of unchanged cellulose, but the position and prob- 
able size of the crystallites are slightly changed, which may point to a 
depolymerization of the cellulose structure. However, Ott 24 showed that 
precipitated cellulose, hydrocellulose and oxycellulose all gave identical x- 
ray patterns. Trillat 25 states that oxycellulose gives a diffraction pattern 
identical with that of cellulose, which suggests that oxycellulose has about 
the same composition as cellulose. In a further paper Trillat 26 suggests 
that hydra-, hydro- and oxycellulose may exist in two forms: (@) native 
cellulose, and (b) mechanically deformed cellulose. 

None of these investigators specify the exact conditions under which 
they prepared the oxycellulose for x-ray examination, As pointed out by 
Parsons,27 ‘‘There are probably as many methods of preparing oxidized 
cellulose as there are oxidizing agents available, and these may act on the 
cellulose fibre in any combination of five ways: (1) depolymerization of the 
cellulose; (2) hydrolysis, with tendency to hydrocellulose formation; (3) 
oxidation; (4) swelling of the fibre; and (5) esterification.’’ 


Experimental 


Experimental work on oxidized cellulose to date has been only of a 
preliminary nature. 

Cotton. Two cotton samples were oxidized for 24 hours with potas- 
sium permanganate solutions with concentrations of 0.5 and 1 available 
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oxygen atoms per unit of C,H,,0,, as suggested by Murray, Staud and 
Grey.28 However, a neutral solution was used for the reasons given by 
Hibbert and Parsons 29 and the same experimental conditions described by 
these authors followed. 

Examination of these samples showed no visible change in the x-ray 
pattern, which confirms the results of previous investigators. 

Ramie. The next experiments were performed on ramie. The po- 
tassium permanganate solution used was 0.1 mol, or 15.8 grams per liter. 
A small bundle of degummed and bleached ramie fibres were immersed in 
the permanganate solution, allowed to remain a definite period, removed 
and x-ray pattern taken. The MnO, was removed as described by Hibbert 
and Parsons.29 The sample was then immersed in a new solution of the 
same concentration and the process repeated until the fibres were disinte- 
grated. The x-ray results may be summarized as follows: 


No. OXIDATION TIME X-Ray RESULTS 


1 12 hours Ramie pattern same, but diffuse. New line with 
6.10 spacing present. 
24 NOUNS: <5 6.455.348 Same as No. 1 with 6.10 line stronger. New line 
with 2.78 A. U. spacing. 
30 hours........About same as No. 2. 
50 hours Cellulose pattern weak, with 6.10 and 2.78 spacing 
much stronger. New lines appear at spacing 4.35 
and 3.2 A. 
) hours Ramie lines much weaker than in No. 4. New 
lines more intense. New line at 2.64 A. 
hours Fibres disintegrated. Only faint trace of cellu- 
lose lines left. 6.10 line stronger. 4.35, 3.2, 2.78 
and 2.64 lines almost disappeared. Entirely new 
pattern composed of many lines present. 


Discussion 


It is impossible to draw any definite conclusions from these prelimi- 
nary results. However, they do show that if the oxidation is continued 
over a long period of time, with a sufficiently strong oxidizing agent, an 
x-ray pattern different from cellulose is obtained, contrary to results re- 
ported by other investigators. It is interesting to note that each new line 
observed has about the same spacing as some important spacing of cellulose. 
However, the rings are continuous and the new product does not possess a 
fibrous structure. The slight change in pattern noticed by Herzog 23 was 
probably due to the new lines being superimposed upon the cellulose pat- 
tern, since he used a powdered sample. 

Our results appear to confirm the chemical observations of Hibbert and 
Parsons.29 They conclude their article by stating that oxidized cellulose 
may be regarded as a ‘‘mixture of a large amount of unattached cellulose 
(which may exist in different degrees of polymerization or association) 
with relative small quantities of degraded cellulose in the form of com- 
plex oxidation products, aldehydic and acidic in nature. The amount of 
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these substances formed depends upon the conditions of oxidation.’’ The 
change in structure upon oxidation is illustrated in Fig. 17. 


Future Work 


These preliminary results warrant a further investigation. It is planned 
to study the product obtained by various oxidizing agents of definite con- 
centrations, acting at different temperatures for known periods of time. 
Definite weights.of ramie should be allowed to react with oxidizing solutions 
of a known oxygen equivalent, until the oxidizing reagent has all reacted. 


Structure 


The conceptions regarding the structure of cellulose as advanced by 
Sponsler, and by Meyer and co-workers are generally accepted as the most 
probable in the light of our present knowledge. However, there is still 
some difference of opinion as to the complete model of cellulose constructed 
upon experimental data. By a careful study of some of the weaker dif- 
fraction spots, representing the smaller spacings, in connection with a study 
of three-dimensional models, we hope to obtain information regarding un- 
certainties of the cellulose structure. 


Experimental 


This program has required the taking of diffraction patterns from 
which the proper data may be obtained. Considerable improvement in 
technique has resulted in patterns of ramie similar to that shown in Fig. 
18. The diameter, position, width and intensity of the diffraction spots 
may be obtained with considerable accuracy from this type of pattern. A 
similar pattern taken with a nickel filter is necessary to establish which ; 
spots are of K@ origin. (Fig. 19.) 

A set of rotation patterns are helpful in establishing the fibre struc- 
ture. These were obtained by constructing a block of fibres, with an indi- 
cator needle attached to it, and obtaining a series of patterns with the x- 
ray beam at various angles to the ramie fibres. An example of the change 
obtained upon rotation is shown in Fig. 20. 


(To be continued) 


Editor’s Note.—This paper was presented by Mr. Sisson before the Di- 
vision of Cellulose Chemistry at the Chicago meeting of the American 
Chemical Society, Sept. 10-15, 1933. 
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Reports of British Textile Research 
Associations * 


Reports of the British research associations for the various 
branches of the textile industry for the fiscal year ended 
Sept. 80, 1933, indicate that more attention has been given 
to applied research, and the solution of practical mill 
problems, than to fundamental studies. Substantial prog- 
ress is reported by all excepting the Silk Research Asso- 
ciation, which has been more handicapped than the other 
textile research associations by a shrinkage of trade in- 
come. 


The British Cotton Industry Research Association 


88] ) in the the year under review there has been a notable increase 
in the contact between the Research Institute and the members of 
the Association. Several years ago it was recognised that the 
bridging of the gap between the scientific workers in the laboratory and 
the technical workers in the trade was a problem of great difficulty. 
Reference has been made in a previous report to the methods adopted by 
the Association for bridging this gap and ‘getting over’ to the trade re- 
search results which are of immediate practical importance. Time has 
proved that these methods are on the right lines and are becoming in- 
creasingly effective. 

‘*The cotton industry—or at any rate the progressive elements in it— 
is now thoroughly awake to the fact that the research association which it 
supports is producing results not merely of scientific interest but of real 
monetary value to the trade, results which are capable of practical applica- 
tion in the mills and works and which definitely mean improved products, 
or reduction of processing costs or both. 

‘‘The staff of the Shirley Institute which now numbers upwards of 
200 is dividing its activities between the investigation of problems of direct 
industrial importance—which naturally are most appreciated and weleomed 
by the trade—and the purely scientific research which must be the founda- 
tion on which the future applied work of the Association is to be built. 

‘*The investigation of the general problem of opening and cleaning 
cotton which was mentioned in last year’s report is continuing rapidly 
with very satisfactory and fruitful results. An entirely new method of 
separating the wanted fibre from the unwanted dust and trash has been 
evolved and the first practical outcome of the work is a testing machine, 
now on the market, which is known as the ‘Shirley Analyser for Raw Cot- 
ton or Waste.’ This machine shows in a few minutes the proportion of 
good cotton contained in a given sample of raw cotton or waste by effect- 


* Department of Scientific and Industrial Research. Report for the 
year 1932-33. His Majesty’s Stationery Office, London. 
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ing a practically complete separation of the good cotton from the unwanted 
dust and foreign matter. Work is proceeding on the application of the 
principle to production machines. The invention has been protected in 
Great Britain and the chief cotton-using countries. 

‘“An essential part of the work of the Institute is the design and de- 
velopment of apparatus and appliances for various testing and recording 
purposes. These instruments are of course primarily intended for the use 
of the research staff, but it is the policy of the Association to describe and 
demonstrate them to members. It is gratifying to know that there is an 
increasing demand from members for such of the instruments as can use- 
fully be applied in the mills, and this demand shows a growing appreciation 
of the efforts of the Institute to substitute scientifically accurate control 
for the old rule-of-thumb methods which, with some members, are rapidly 
becoming a thing of the past. 

‘<The rayon department of the Association completed the fifth year of 
its active existence in June, 1933, and a comprehensive report of its work 
has been issued. During the past year this department has carried out 
about 250 special investigations for members.’’ 


ae 


The Wool Industries Research Association 


e¢@ BN addition to progressive development of laboratory and fundamen- 
tal investigations, the work of the Wool Industries Research Asso- 
ciation has been directly extended into more practical directions in 


the mills. There comes a time in the development of industrial research 


when practical application of the fundamental results discovered becomes 
both possible and essential. This stage has been reached in a large num- 


ber of cases of the Wool Industries Research Association’s activities, and 
from the laboratory results numerous discoveries have been developed on 
a mill basis. The ready co-operation of members of the Association and 
their keenness to offer factory facilities for the conduct of bulk experiments 
in the mills, is a most outstanding feature of the Research Association’s 
progress and the adaptation of science in the wool industries. 

‘*For some years the Association has studied the fundamental factors 
concerned in the milling and felting processes of cloth manufacture, with 
the result that information has now been published of the essential scientific 
issues underlying these processes. The practical application of this new 
knowledge has been accomplished under mill conditions by the staff of the 
Association whilst actually working under ordinary everyday conditions in 
the mills of members. Saving in time of the operation and improved 
handle of the products has resulted. 

‘*With regard to worsted carding, not only have facilities been given 
for mill work, but individual firms have set aside special machinery to 
facilitate experiments by the Association’s staff on fibre breakage, the in- 
fluence of humidity, oils, ete., under bulk conditions. In almost all direc- 
tions of wool industrial activity such mill developments are proceeding. 

‘*To the ordinary wool user, especially of knitwear, the question of 
unshrinkability is of paramount importance. Whilst under ordinary cir- 
cumstances unshrinkability is accomplished by treatment of the knitted or 
woven fabric, the Association’s workers have developed a method for treat- 
ing the fibres in bulk, before they are spun. This applies to both woollen 
and worsted processes. Bulk tests are being made under mill conditions and 
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full size plant for the development of this new process has been designed 
and is being tested. The advantages of the new process are that the indi- 
vidual fibres are rendered unshrinkable, without danger of damage to the 
fibre substance which sometimes occurs with the existing method. Further, 
lustre and softer handle of the wool fabric results, which largely eliminates 
any tendency towards that prickly feeling which sometimes is detrimental 
to the comfort of the wool wearer. 

‘Tn the carding and spinning processes, wool is lubricated with various 
oils to facilitate its manipulation. In the past such oils have been liable 
to oxidise and turn rancid, whilst uneven distribution of the oil might create 
trouble subsequently, and in the scouring process the oil might be difficult 
to remove without recourse to drastic chemical means. The Association’s 
workers have developed a new type of oil, known as ionised oil, for wool 
textile purposes, which has been specially treated electrically so as to be non- 
oxidisable, perfectly water-miscible, and to possess definite bleaching prop- 
erties. The use of this type of oil has been developed on a practical factory 
basis and for over one year mill tests have proceeded and some hundreds of 
pieces, comprising thousands of yards of cloth, especially of the popular 
grey flannel type, have been processed with ionised oil and put on the 
market by various firms throughout the country. A new factory for the 
production of this type of oil in bulk has been erected, and the require- 
ments of the industry can now be met. 

‘In previous reports reference has been made to the work proceeding 
jointly with the Society of Dyers and Colourists, for the standardisation of 
fastness of dyed fabrics to various ordinary agencies as would affect the 
user. In the first place, fastness to light and atmospheric influences has 
been investigated. The various factors concerned have been elucidated, 
namely the humidity in the atmosphere, the sulphury gases in towns, and 
a variety of other relevant agencies contributing to the deterioration of the 
colour. As a result of the research work carried out in all parts of the 
world, under all kinds of climatic conditions, tropical and otherwise, it has 
been possible to select standard fabrics representative of eight different 
degrees of fading, both in red and in blue. These have been dyed on a wool 
base, the fact having emerged that on wool dyestuffs are usually less sus- 
ceptible to asmospherie fading influences than on other fibres. The changes 
in colour and loss of hue during domestic and other laundering of washable 
fabrics have also been investigated, and a series of standard tests which 
express the degree of durability of a coloured fabric have been devised. 
Thus standard liquors and standard fabrics, corresponding to different 
degrees of fastness to washing, are prescribed and the manufacturer and 
the public have available reliable scientific methods of comparison in this 
regard. Tests for shrinkability have similarly been devised. The work, 
therefore, on these two factors which affect the users of coloured fabrics, 
is now complete. 

‘*Tn worsted research attention has been paid to the underlying prin- 
ciples of drafting and spinning, and the mathematical analysis of yarns 
made from wools of different type and origin throughout the world has 
indicated facts relevant to the scientific basis upon which the worsted spin- 
ning industry is founded. As a result of this work experimental evidence 
is now obtainable which indicates much of the degree of excellence of the 
spinning power of a particular wool. In conjunction with the Textile De- 
partment of University College, Nottingham, an investigation has been 
completed on the causes of spirality in hosiery, stockings, ete. After knit- 
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ting, the stitch of the fabric may assume a slanting position rather than 
produce the desirable straight stitch. Not only have the facts underlying 
this fault been elucidated, but a quick chemical means for its elimination 
has suggested an entirely new line of research of a practical character. 
The question of the improvement of handle of wool is also under review 
in this regard. 

‘<The services of the staff of the Association have been in greatly in- 
creased demand in an advisory capacity on many more problems suggested 
by the industry; in fact nearly 30% more problems have been submitted 
than in the previous year. 

‘Tn the woollen department the spinning frame originally devised by 
the Association has been further investigated, and designs have been formu- 
lated for a simpler machine. It has now to be tried out on a mill basis 
before introduction to the industry. 

‘‘The carding department has developed a new type of card for the 
production of pseudo-worsted yarns, in combination with the worsted spin- 
ning frame devised by the Association. 

‘*The work on sheep-marking fluids is progressing favourably, and ex- 
cellent reports of durability have once more been received from the Domin- 
ions. The problem of wool packs has been further investigated, and a new 
type of specially-treated jute pack is undergoing rigorous commercial tests 
under Dominion conditions. 

‘‘The wool fibre Committee, which serves as an advisory body on 
wool matters to the Dominions, has functioned regularly through the year, 
and its services have been requested by almost all the Dominions and 


Colonies interested in wool.’’ 
The Linen Industry Research Association 


affords hope of leading to the production of fibre of high quality 

and considerable uniformity with a minimum of hand labour. The 
completion of this scheme has involved the design and construction of new 
de-seeding machinery, the working out of a simple but novel method of 
handling flax, improved methods of retting and drying, a new principle of 
breaking, and more efficient methods of handling and dressing the finished 
fibre. In order to afford a full-scale trial of this process and to follow up 
the Sandringham flax experiment of 1931, the flax factory plant is being 
completed and adapted to a straight commercial run with some 200 tons 
or more of flax grown in Norfolk in 1933. The crops grown in Norfolk 
will not only supply the material for a full-scale factory trial, but also a 
sufficient quantity of pedigree seed for any future development which may 
be warranted by the success of this year’s work. 

‘‘With regard to preparing and spinning, the work has been along 
three lines: investigations of principles, development of applications of 
previous conclusions, and improvements in testing methods. Progress has 
been made in the understanding of factors controlling yarn quality by estab- 
lishing relations between yarn properties and the strength and dimensions 
of the component fibres. The change in dimensions of fibre strands during 
preparing has been further investigated, particularly in the case of mixed 
flaxes. A new and very rapid method of measuring the average length of 


GG Ts work on flax has now resulted in a co-ordinated process which 


strand has also been evolved. 
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‘*The problem of sliver regularity has been under investigation and 
a satisfactory automatic testing machine for this purpose has been de- 
signed and is now in use. Under the head of practical developments, work 
has been in progress on a modification of the usual spinning process, on 
an improvement in the process of yarn drying, on the problem of maintain- 
ing the spinning troughs in a clean condition, and on a method of indi- 
eating relative humidity in work rooms. The testing of yarn strength has 
been improved and greatly accelerated by the design of a calculating machine 
which can be coupled to the testing machine. Clerical recording is thus 
avoided, and the greater part of the calculations necessary for the estima- 
tion of the coefficient of variation are carried out automatically. This 
calculating machine can also be operated by hand, and may prove of service 
in various connections and in other industries where statistical caleulations 
are necessary. 

‘*A thorough study of the action of the machines commonly used for 
pirn winding has been made. Various deficiencies have been noted and 
suggestions made for improvements in these and other directions are being 
proceeded with. Further work has been carried out, under factory condi 
tions, on warp dressing, particularly with reference to the conditions of 
application. Work is in hand with regard to the measurement and record- 
ing of yarn tension during winding, dressing and weaving. Some new 
methods have been evolved and these should be of value and lead to im- 
portant results. 

‘*As a result of a long series of experiments, the causes of the fairly 
rapid wear of double damask on laundering along lines near the selvedges 
have been established as due to the action of the rotary washing machine. 
Further work was devoted to a study of practical ways of modifying the 
cloth structure to enable it to withstand the laundry wear. This has been 
successful, and the proposed method is now undergoing a final confirmatory 
trial on a large scale by laundering cloths at a number of commercial 
laundries in northern Ireland. 

‘*Considerable progress has been made in the accumulation of data 
bearing on the relationships between the tensile strength of linen materials 
and the degree of chemical degradation as estimated by the solubility num- 
ber and viscosity methods. A promising method of distinguishing between 
different forms of degradation is under investigation. 

‘*Further work has been carried out with a view to establishing a 
simple method of testing the reaction of chemics in the bleach-green. En- 
couraging reports have been received of improved results following the 
careful control of the reaction of chemics. The influence of temperature 
on the activity of chemics has been investigated. 

‘*It has been shown that when linen dyed with a range of vat and in- 
soluble azo dyes is exposed in the open, excessive tendering occurs in the 
case of a number of orange and yellow vat dyes. Some of the dyes exam- 
ined, including several insoluble azo combinations, exert a protective effect 
under the same conditions. The behaviour of cotton yarn dyed with a 
number of vat and insoluble azo dyes and woven as strips into linen glass 
cloths has been examined during a variety of laundry treatments. Some 
yellow and orange vat dyes have been shown to produce undue tendering 
when the material is exposed in the open between successive laundry 
treatments. 

‘*The resistance of linen cloths to repeated bending along a fold is 
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under investigation, and machines designed to give accelerated tests have 
been constructed. 

‘*There are indications that the number of special investigations aris- 
ing directly out of technical problems and defective materials has, at least 
temporarily, reached a maximum annual total. At their present level it is 
felt that the time required in these investigations is in a satisfactory ratio 
to the time available for fundamental research.’’ 


The British Silk Research Association 


ee HE continued obscurity of the trade outlook has allowed no relaxa- 
T tion of the various ‘economy’ measures which have enabled the 
British Silk Research Association so far to weather the difficulties 
of the present time, but the application of these measures has rather been 
intensified during the year 1932-1933. Notwithstanding the limitations 
thus imposed advances have been made in fundamental studies, notably 
with respect to the swelling of silk, its behaviour in solutions of acid and 
alkalies, its electrical properties and to the changes it undergoes when 
stored under various conditions. The relatively large number of investi- 
gations made on special problems of immediate interest to the trade have 
been no inconsiderable factor in procuring the financial support necessary 
for the continued existence of the Association.’’ 


‘ Shirlacrol,” a New Wetting Agent 


‘*A notable application of the study of various tars has arisen in con- 
nexion with wetting agents in the mercerising of cotton. Certain tar acids 
derived from tars from vertical retorts and low-temperature tars have been 
prepared and tested for wetting out properties in collaboration between the 
Shirley Institute and the (Chemical Research) Laboratory A product has 
now been obtained and standardised under the name ‘Shirlacrol,’ this des- 
ignation indicating the titles of these two collaborating institutions. Shir- 
lacrol is well up to the requirements of the cotton industry, and is now 
being manufactured commercially. Its use was demonstrated by the Di- 
rector at a meeting of the London Section of the Society of Dyers and 
Colourists. ’’ 


Fabrics Research 


‘*The research workers who have been engaged at the Royal Naval 
Cordite Factory on researches into the destruction of fabrics by micro-or- 
ganisms have been transferred during the course of the year to the Chem- 
ical Research Laboratory, Teddington, where their work, which in the last 
year or so has been concerned with the physiological study of destructive 
types of microorganisms found on fabrics, will be merged in a wider pro- 
gramme of work on industrial microbiology. 

‘*Reference was made in the report of last year to the completion of 
research on the development of methods for permanently fireproofing fab- 
rics. Advantage has since been taken of opportunities to test the methods 
on a practical scale before making final recommendations. Pending these 
tests, the publication of the proposed report describing the results of this 
and other work conducted under the Fabrics Research Committee has been 
deferred. ’’ 
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I. Freres (SYNTHETIC AND NATURAL) AND FIBRE 
ANALYSIS 


CONSISTENCY OF PoTaTo-STARCH S1zE. Walter T. Schreiber, M. N. V. Geib 

and O. C. Moore. B. S. J. Rsch., Vol. II, No. 12, P. 765-73. 

The physical characteristics imparted to cotton-warp yarn in the so- 
called ‘‘slashing’’ or sizing operation are dependent in part upon the con- 
sistency of the starch size used in the processing. In textile mill practice, 
the size is heated and agitated from the time it is prepared until it is 
consumed. The potato-starch sizes, however, are more or less unstable, and 
continuous heating and agitation tends to cause a decrease in the consist- 
ency of the size. Laboratory experiments show that the decrease in con- 
sistency of size is dependent upon the temperature of cooking, speed of 
agitation, and length of the cooking period. It seemed reasonable to sup- 
pose that the decrease in consistency of sweet potato-starch size may be due 
to the catalytic action of liquefying enzymes of amylase which may be 
present in the starch. Although various treatments calculated to remove 
or destroy such enzymes failed to stabilize the consistency, the addition of 
a solution containing small quantities of dispersed lecithin and lanum to 
the sweet potato-starch size materially retarded the decrease in consistency. 
The reason for this action is not yet clear. The consistency of sweet po- 
tato-starch size can be greatly increased by washing the starch with certain 
simple solutions. (C) 


SPECTRAL REFLECTANCE OF THE PHILIPPINE ISLAND GOVERNMENT STANDARDS 
FoR ABACA FIBRE. Genevieve Becker. B. S. J. Rsch. (1933), Vol. 11, 
No. 12, P. 823-28. 

This paper reports the results of spectral reflection measurements of 
one set of the official standards for the grades of abaca used in cordage. 
The results provide a quantitative record of those characteristics of the 
fibre on which the color depends. They should be of permanent value since 
the grading is largely on the basis of color. They suggest the possibility 
of using quantitative reflectance measurements in the Philippine Islands to 
supplement, if not to replace, the present method of grading abaca for color. 
Three specimens representing the base, tip, and middle of each of ten 
standard samples were measured at seven wave lengths. The average values 
found for the spectral reflectance at wave length 500, which are illus- 
trative of the results, follow: Superior current 59.3, good current 54.9, mid- 
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way 49.9, 25% over fair current 46.5, streaky two 45.4, streaky three 33.5, 
fair current 42.5, superior seconds 40.0, soft seconds 31.3, soft brown 21.5, 
The highest and lowest measurement for a given standard differ by from 2 
to 13 units and there is decided overlapping in the measurements for some 


of the different grades. (C) 


ACTION OF ALKALINE COPPER SOLUTION ON SILK F1BROIN. II. SoLuTion 
PHENOMENA IN THE SYSTEM FIBROIN-COPPER-AMINE. Y. Takamatsu. 
J. Soc. Chem. Ind., Japan 36, Suppl. binding, 1933, P. 566-7; Chem. 
Abs., 1932, V. 26, P. 2323; 1934, V. 28, P. 332. (W) 


ACTION OF ALKALINE COPPER SOLUTION ON SILK FIBROIN. IV. Fiproin- 
CoPpPER-AMINE COMPOUNDS IN THE SYSTEM FIBROIN-COPPER-AMINE 
(1-2). Y. Takamatsu. J. Soc. Chem. Ind., Japan 36, Suppl. bind- 
ing, 1933, P. 596-604; Chem. Abs., 1934, V. 28, P. 332, 901. (W) 


CELLULOSE: STRUCTURE OF. Alexander Gerd. Naturwissenschaften, 1933, 

V. 21, P. 693-4. 

An effort is made to explain the formation of mellitic acid by slow oxi- 
dation of charcoal on the basis of cellulose structure. The glucose units are 
assumed to be linked in the cellulose mol. not by O but by direct C bonds 
giving 6-membered rings in which 3 ‘‘head’’ and 3 ‘‘tail’’ ends of 6 glu- 
cose chains are held, i.e., in sym. arrangement 3 carbinol and 3 aldehyde 
groups. Trihydroxycyclohexane contg. 6 side chains is the basis of the 
cellulose molecule. From this structure are explained the (C,H,,0,;),, for- 
mula, the hydrolysis reaction, the absence of reducing power in native cellu- 
lose and its appearance on partial hydrolysis. Opposed to this structure 
are the absence of preformation of cellobiose and the failure of mellitic 
acid to be formed directly from cellulose. This failure is attributed to 
hydrolysis. The yield in mellitie acid from charcoal checks with the original 
cellulose content of charcoal. There is no evidence that mellitic acid is 
formed from the lignin of charcoal. (Copied complete from Chem. Abs., 
1934, V. 28, P. 1183.) (W) 


CELLULOSE GEL: STRUCTURE OF. V. STRUCTURE OF NATURAL CELLULOSE 
FIBRE REVEALED BY X-RAY ANALYSIS. VI. STRUCTURE OF VISCOSE 
SILK AND CELLOPHANE ANALYZED BY X-RAY. K. Atsuki and M. Ishi- 
wara. J. Soc. Chem. Ind., Japan 36, Suppl. binding, 1933, P. 517-24; 
ef. Chem. Abs., 1933, V. 27, P. 1801. 

V. X-ray analyses of cotton and hemp fibres were made and compared 
with the structure of artificial silk and other cellulose gels. Exptl. results 
are reported. 

VI. The structure of cellulose gels in the form of viscose silk and 
Cellophane, regenerated from viscose, was detd. by X-ray analysis. X-ray 
patterns are reproduced. (Copied complete from Chem. Abs., 1934, V. 28, 
P. 316.) (W) 


DoMESTIC CocoONS: BEHAVIORS OF AQUEOUS SOLUTIONS OF. XV. APPARENT 
SPECIFIC GRAVITIES OF SERICIN A AND B. XVI. SERICIN AS A PRO- 
TECTIVE COLLOID. XVII. SEPARATION OF SERICIN. Hideo Kaneko. J. 
Agr. Chem. Soc. Japan, 1933, V. 9, P. 905-7, 1049-55, 1056-9; ef. Chem. 
Abs., 1933, V. 27, P. 5984. 

XV. The apparent sp. grs. of sericin A and B were, resp., 1.356 and 

1,309 from the estn. in H,O at 15°. The apparent sp. gr. of sericin A was 
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generally larger than that of sericin B, even though the estn. was performed 
in various org. solvents. 

XVI. The gold no. of sericin was 0.02-0.038. It is approx. equal to 
that of egg globulin, gelatin and egg albumin. The more reelable the 
cocoon is, the smaller the gold no. is. Sericin has the max. gold no. at its iso- 
elec. point (pH 4.2-4.3). The gold no. decreased with the elevation of the 
temp. of the soln. Sericin A generally has a smaller gold no. than sericin 
B in the same condition. Sericin protects the oxidation of pyrogallol by Co 
complex salts and the decompn. of H,O, by Pt sol. 

XVII. By the electrodialysis of sericin soln. sericin A coagulated rap- 
idly in the elec. field and sericin B remained in soln. Sericin sol may be 
considered as a colloid suspending sericin A particle in sericin B soln. 
(Copied complete from Chem. Abs., 1934, V. 28, P. 1193.) (W) 


OXYCELLULOSE. Karl H. Bergmann. Angew. Chem., 1933, V. 46, P. 713-16. 


A reliable method for the detn. of oxycellulose is given and an attempt 
is made to define it chemically. Oxycellulose prepd. with (1) KClO, and 
HCl, (2) NaOCl (acid and alk.), (3) Br and lime, (4) H.O., (5) HNO, 
and (6) KMn0O, (acid and alk.) were investigated by dissolving the oxy- 
cellulose from the fibre by means of boiling alkali and also by treatment in 
the cold. The hot treatment gave 0.1-0.3% yield of a product analyzing 
(C,H,O,) and cold treatment gave 2-3% of presumably polyglucuronic acid 
(C,H,,0O,).. Considerable exptl. data are presented. Nine references. 
(Copied complete from Chem. Abs., 1934, V. 28, P. 891.) (W) 


SILK: FINE STRUCTURE OF. V. SWELLING PHENOMENA IN FIBROIN FIBRES. 
K. Ohara. Sci. Papers Inst. Phys. Chem. Rsch. (Tokyo), 1933, V. 22, 
P. 216-32; ef. Chem. Abs., 1933, V. 27, P. 4403. 


In the presence of some neutral salts at room temp. fibroin fibres swell 
and may dissolve. Photomicrographs show that the outer zone swells first, 
the central zone either breaking up into fibrils or swelling into spheroids, or 
in some cases remaining insol., with spiral or irregular bending. If the 
swelling is active spherical enlargements develop at certain points. The 
active salts include Ba and Ca thiocyanates, Ba, Ca and Sr iodides, Li and 
Mg bromides, Ba, Ca, Sr and Ni nitrates, Na, Ca, Sr, Co, Mg, Zn, Al and Fe 
chlorides, Ba(ClO,), and Na,SiO, In Cu(OH),-glycerol mixts. and in 
NaOBr the swelling is of a different type, the fibres breaking into short 
pieces which then dissociate into fibrils. The various forms of swelling 
indicate that the fibres consist of relatively short micelles parallel to the 
long axis of the fibre, and more closely packed in the center than at the 
outside. At intervals this oriented structure is interrupted by a region of 
random arrangement, which is the first to show swelling, and which thus 
allows the fibres to break across. (Copied complete from Chem. Abs., 1934, 
V. 28, P. 901.) (W) 


II. Yarns AND FABRICS 


Corron AND Woo: INFLUENCE oF LIGHT ON. Emil J. Simola. Teknillinen 
Aikakauslehti, 1933, V. 23, P. 326-9. 
Comparative tests were made on cotton and worsted yarns which were 
exposed to sunlight through a double glass window. The results showed 
that exposure for five summer months reduced the tensile strength of cotton 
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17.8% and of wool 7.3%, but the stretching properties were simultaneously 
reduced an av. of 12% for cotton yarn and 37.7% for worsted yarn. Mer- 
cerized cotton yarn had the smallest loss in tensile strength (13.7%) but 
the greatest loss (27.3%) in elasticity. Fine fibre wool suffered more 
from the light than coarse fibre. (Copied complete from Chem. Abs., 1934, 
V. 28, P. 647.) (W) 


Corron Fasrics: EFrect OF PREvIOUS STARCHING UPON EASE OF WASH- 
ING. Lawrence E. Stout and Knapel F. Schiermeier. Ind. Eng. Chem., 
1933, V. 25, P. 1403-5. 

Soil is more easily removed in washing a garment which has been 
starched. The order of decreasing value is boiled wheat and rice starch, 
sol. wheat and rice starch, boiled corn starch. Quant. data indicate their 
relative value. (Copied complete from Chem. Abs., 1934, V. 28, P. 
901.) (W) 


DUSTINESS OF CERTAIN SIZED Fasrics. L. Bonnet. Tiba, 1933, V. 11, P. 
677, 679. 
A brief discussion of the causes of this defect and of its prevention. 
(Copied complete from Chem. Abs., 1934, V. 28, P. 332.) (W) 


LATEX AND JuTE. F. Harriss Cotton. India Rubber J., 1933, V. 86, P. 

598-603. 

Expts. are described which indicate that it should be practical com- 
mercially to rubberize jute fabrics by impregnation with latex. Latex of 
60% conen., e.g., ‘‘Jatex,’’ is recommended, and this may be compounded 
by known methods to give any type of vulcanizate desired. Vuleanization 


is effected in hot air or on heated rotary drums, and smooth finishes are 
obtained by calendering when semi-cured. A wide variety of uses is sug- 
gested for rubberized jute. Expts. are described and illustrated which led 
to the technie and suggestions resulting from the work. (Copied complete 
from Chem. Abs., 1934, V. 28, P. 1221.) (W) 


OXYCELLULOSE: PROPERTIES OF, AND METHODS FoR ITS DETERMINATION. 
R. Haller and F. Lorenz. Bull. fédération intern. assocn. chim. textile 
couleur, 1933, V. 1, P. 16. 

A review of the literature. It is concluded that none of the published 
methods of identifying oxycellulose is sp. for this compd. Oxycellulose is 
a mixt. of compds. whose compn. depends on the history of the sample and 
consequently it cannot be identified by a general method. (Copied com- 
plete from Chem. Abs., 1934, V. 28, P. 316.) (W) 


SHRINKAGE OF COTTON AND LinéN WOVEN MATERIALS. G. H. Johnson. Am. 
Dye. Rptr., Sept. 25, 1933, P. 561-564, 584; Oct. 9, 1933, P. 591-592, 
619-621. 

A man in position to speak with authority discusses a problem of con- 
siderable interest and importance. In Part I causes of shrinkage and 
factors influencing the degree of shrinking are mentioned. Tabulated data 
is offered in support of the statements made. 

The last of two articles covers the rate of shrinkage, comparative warp 
and filling shrinkage, the effect of pressing and the effect of home vs. laundry 
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washing. The following conclusions have been drawn relative to the shrink- 
age of cotton and linen woven materials: The amount of shrinkage obtained 
varies with the material, depending upon the treatment that a given wash 
fabric receives during mill processing. There must be moisture present for 
shrinkage to occur. The amount of shrinkage obtained in a soaking process is 
less than that obtained during actual laundering. This fact is particularly 
true of heavily starched materials. An increase in washing temperature does 
not have a marked influence upon the rates of shrinkage. The presence or ab- 
sence of washing supplies has little, if any, effect upon shrinkage. Sup- 
plies chiefly assist in wetting out the material as far as shrinkage is con- 
cerned. Shrinkage occurs regardless of the washing process used, unless 
the fabrics being laundered have been properly preshrunk prior to tailor- 
ing. The greatest amount of contraction occurs during the first launder- 
ing. Unsized materials shrink very rapidly. The warp shrinkage gen- 
erally is in excess of the filling shrinkage. Pressing with a hand iron 
tends to stretch fabrics slightly, but will never overcome excessive warp 
or filling shrinkages. Slight variations in size after different launderings 
often may be traced to variations in tension as applied by operators at 
the time of pressing. Serious shrinkages cannot be traced to such a source, 
however. It is advisable to stretch washsuits, shirt collars, neckbands, ete., 
at the time of pressing. 

Shrinkage is the same, within the limits of experimental error, whether 
cotton and linen fabrics are washed under commercial laundry or home 
conditions. A gain in yardage during mill finishings means shrinkage dur- 
ing laundering. There is need for the use of properly preshrunk cotton and 
linen wash fabrics in the manufacture of any article that is tailored to fit. 
Unless a wash fabric has been preshrunk by some satisfactory method, 
there is nothing that can be done during laundering to prevent contrac- 
tion from occurring. (S) 


TEXTILES: INDUSTRIAL USES or. R. H. Pickard. Tex. Mfr., August, 1933, 

P. 301-302. 

The bulk of fabrics are designed rather to attract the user than for 
properties of utility, but in textiles for domestic or industrial uses the as- 
sistance that science can give is much greater. There is a wide field for 
investigation in applying the quantitative data, now accumulating, to pro- 
duce fabrics for specified purposes. The present organisation of textile 
research, however, is unsuitable for undertaking such work. (S) 


WEAR oF Carpets. Herbert F. Schiefer and Richard S. Cleveland. B. S. J. 
Rsch., Feb., 1934, P. 155-66. 


The nature of the wear on the wool fibres was studied microscopically. 
The wool fibres from a worn carpet are frayed at the tips and spindle- 
shaped fibrils whose dimensions correspond to cortical cells are worn off. 
Some of the fibres are fractures, others are broken off near the base by 
the repeated bending and compression. The carpet wear test furnishes a 
new and easy means of obtaining and isolating the cortical cells of the 
wool fibre. 

A wear index which is applicable to all ordinary kinds and qualities of 
pile carpets and which is believed to give a good representation of their 
relative durability in service has been selected and used in this paper. 
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The effect of the quality of pile wool, height of pile, density of pile, 
type of pile anchorage, and carpet underlays on the durability was studied. 
The density of the pile appears to be the predominant factor of a carpet 
which affects wear. The height of pile is a factor of lesser importance. 
The quality of pile wool has a measurable effect. The types of pile anchor- 
age studied have no appreciable effect. In general, the wear index is 
approximately proportional to the product of pile density squared and pile 
height. 

All underlays increased the durability of the carpets. The increase in 
wear index depends upon the underlay and the carpet. The composition, 
thickness, density, and compressibility of underlays are factors which con- 
tribute to their effectiveness. An underlay appears to be more effective 
when it is used with carpets of short pile than when it is used with carpets 
of long pile. (C) 


III. CHEMICAL AND OTHER PROCESSING (Nor 
OTHERWISE CLASSIFIED ) 


CoLor BLEEDING IN ScourInG. F.C. Pratt. Tez. Col., 1933, V. 55, P. 679, 
704. 
Suggestions are given for minimizing the bleeding of dyestuffs during 
the scouring of wool goods. (Copied complete from Chem. Abs., 1933, V. 
27, P. 5983.) (W) 


CoLors: DYEING PROPERTIES OF DiREcT Cotton. S. M. Neale. Am. Dye. 
Rpt., May 22, 1933, P. 344. Reprinted from the J. Soc. Chem. Ind. 


A brief article discussing the effect of the time of dyeing and of 
added sodium chloride. (S) 


CoprpER STAINS ON WOOL: FORMATION AND IDENTIFICATION OF. Norman T. 

White. Dyer, 1933, V. 70, P. 230-1. 

CuS may be pptd. on wool during dyeing by the interaction of the S 
in the wool and the Cu of the dyeing machine. The Cu may be identified 
by the ferrocyanide test. Treatment with H,O,, acidified with HCl is 
recommended for removing CuS stains from uneven, patchy or streaky ma- 
terial. (Copied complete from Chem. Abs., 1933, V. 27, P. 5546.) (W) 


DETERGENCY: MECHANISM OF. P. L. Mann. Am. Dye. Rpt., May 8, 1933, 
P. 297. 
A brief statement of certain properties required in the concentrated 
soap solutions. (S) 


DYEING FABRICS FOR THE WINDOW DispLAy INDUSTRY. George Rice. Tez. 
Col., 1933, V. 55, P. 682, 713; Chem. Abs., 1932, V. 26, P. 3927. 
Some practical suggestions are given relative to the selection of fabrics 
and the dyeing process. (Copied complete from Chem. Abs., 1933, V. 27, 
P. 5983.) (W) 
Dyes: PHYSICAL CHEMICAL PROPERTIES OF. Kojiro Kobahashi. Japan J. 
Gastroenterol., 1933, V. 5, No. 2, Physik. Chem. Farbstoffe, P. 81-112. 


This review is composed of a series of tables showing the charge carried 
by the dye, the structure of the dye mol., the diffusibility in agar and 
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gelatin and the soly. (qual.) in olive oil, olive oil-lecithin, xylene and xylene- 
cholesterol. (Copied complete from Chem. Abs., 1933, V. 27, P. 5595.) 
(W) 

FapING: UNUSUAL CAUSES OF: Farb. Zeitung, 1933, No. 4. 

Two examples are given of fading due to chemical reaction between 
certain colours. In a vat yellow for wool (Ciba Yellow CAW) fading 
occurred both of the yellow component and of the Indigo used in com- 
bination with it, the reaction being set up in the presence of light. In the 
second case, the alteration of the dyestuffs took place at once on mixing 
together two acid dyes for wool printing. The dyes were Sulphocyanine 
Black B and any other kind of dark blue acid dyestuff, e.g. Sulphon Acid 
Blue R, Wool Blue RL, the fading being due to the black dyestuff. (Copied 
from J. T. I., April, 1933, P. A222.) (8S) 


FELTING OF WooL THROUGH AcIDS. Emil J. Simola. Teknillinen Aika- 

kauslehti, 1933, V. 23, P. 264-5; ef. Chem. Abs., 1933, V. 27, P. 2306. 

A review. (Copied complete from Chem. Abs., 1933, V. 27, P. 5192.) 
(W) 
pH CoNTROL IN DYEING AND PRINTING Corton. Chas. E. Mullin. Tez. Col., 

1933, V. 55, P. 155-7, 204; Tex. Redr., 1933, V. 51, No. 605, P. 53; 

No. 606, P. 49-53; Chem. Abs., 1933, V. 27, P. 3338. 

A discussion of the theories of dyeing and the effects of variations in 
pH in applying the direct, basic, sulfur and vat dyes, and naphthols to 
cotton, as well as in printing and stripping. (Copied complete from Chem. 
Abs., 1933, V. 27, P. 5983.) (W) 


PH CONTROL IN BLEACHING AND FINISHING CoTTON. Chas. E. Mullin. Tez. 

Col., 1933, V. 55, P. 81-4, 132; Tex. Redr., V. 50, No. 601, P. 51-3; 

V. 51, No. 604, P. 51-3. 

A discussion of the amphoteric properties of cellulose and the ad- 
vantages of pH control in sizing and desizing, kier boiling, souring, bleach- 
ing, antichloring, scouring, mercerizing, finishing and laundering. (Copied 
complete from Chem. Abs., 1933, V. 27, P. 5985.) (W) 


PILE FaBricS: SPECIAL CONVERTING METHODS USED For. B. S. Hillman 

Tex. Col., 1933, V. 55, P. 521-4, 564, 598-600. 

Methods are described for cutting down the time and labor needed in 
the scouring and dyeing processes for producing large quantities of dif 
ferent types of pile fabrics. (Copied complete from Chem. Abs., 1933 
V. 27, B. SiS). CW) 

SUBSTANTIVE DYEING OF CELLULOSE FiprEs. Paul Ruggli. Kolloid-Z., 1933, 

V. 63, P. 139-38. Chem. Abs., V. 19, P. 1057; V. 21, P. 3195; V. 25, 

P. 417, 947, 2294, 2295, 2722, 2724, 4710; V. 26, P. 2598, 4042. 

A review of the determination of substantivity, its relation to degree 
of dispersity and constitution of dyes, and the effect of salt additions to 
dye baths. (Copied complete from Chem. Abs., 1933, V. 27, P. 3337.) (W) 


SuLFuR CoLors: USE oF AMMONIUM SULFATE IN THE DYEING or. J. H. 
Troutman. Tex. Col., 1933, V. 55, P. 513-15, 
Tests indicate that (NH,).SO, can be used advantageously for this 
purpose. (Copied complete from Chem. Abs., 1933, V. 27, P. 5190.) 
(W) 





316 Textile Research 


SuLFuR DyES: PROPERTIES OF WATER-SOLUBLE. N, I. Planovskii. Anv- 
linokrasochnaya Prom., 1931, No. 2-3, P. 36-9; Chem. Zentr., 1932, 
V.-5,3. 4957. 

S black (Schwelfelschwarz Tsch F, cf. D. R. P. 209, 850, Chem. Abs., 

V. 3, P. 2241) colors leather deep black without sulfite in aq. soln., shows 

no affinity for wool, but dyes raw silk deep black. Water-sol. S dyes ob- 

tained by oxidation appear to be suitable only for keratin-free animal 

fibres. (Copied complete from Chem. Abs., 1933, V. 27, P. 4931.) (W) 


SuLFrurk DyeEsturF: ABSORPTION AT DIFFERENT TEMPERATURES. I. R. 
Klyachko. Izvestiya Tekstil. Prom. Torgov., 1930, No. 10-11, P. 86-9. 
Absorption of black sulfur dyestuff by fibre increases with tempera- 

ture. Full color is reached at 65°, which corresponds to absorption of 

2.6% of the dyestuff or 14.3% of technical dyestuff at the conditions of 

the experiment. A bronze shade is observed when 3.2% of the dyestuff 

is absorbed (17.6% of dye). The advantages of working at 65° are: (a) 

lower expenditure of steam, (b) lower moisture contents in the air, (c) 

lower expenditure of dyestuff, (d) prevention of waste of cotton from 

its solution. Experiments were conducted, however, only with one com- 
position of the dyestuff, which is given in the text. (Copied complete 

from Chem. Abs., 1933, V. 27, P. 3080). (W) 


SuRFACE TENSION AND WETTING PHENOMENA IN THE TEXTILE INDUSTRY. 
L. Desalbres. Bull. inst. pin, 1933, P. 109-10, 123-6, 141-4. 
A discussion and explanation of the phenomena and laws of surface 
tension as they affect wetting in the textile industry. (Copied complete 
from Chem. Abs., 1933, V. 27, P. 5192.) (W) 


TEXTILE FINISHING: RECENT DEVELOPMENTS IN. L. G. Lawrie. Dyer, 
1933, V. 69, P. 669-70; Chem. Abs., 1933, V. 27, P. 4931. (W) 


ULTRAMARINE BLUE AND THE INDANTHRENE Coors. R. Thiebaut. Fev. 

gen. mat. color., 1933, V. 37, P. 302-5. 

A method of evaluating indanthrene colors is given, also an improved 
method of Roth for evaluating hyposulfite by the addition of formalin 
and AcOH to ammoniacal ferric sulfate. (Copied complete from Chem. 
Abs., 1933, V. 27, P. 4931.) (W) 


Vat Dyes: INFLUENCE OF, ON THE STRENGTH OF THE Woou Fipre. D. N. 

Griboedov and P. V. Varentzov. J. Applied Chem. (U.S. S. R.), 1933, 

V. 6, P. 120-30. 

In dyeing wool (as tops) with indigo vat dyes by the hyposulfite 
method (the ordinary and the single vat method) the strength of the fibre 
decreases at an av. of 5.1% while the elasticity is lowered by 2.8%. Dyeing 
of wool with chromate dyes causes a decrease in the strength of the fibre 
by 10% and lowers the elasticity by 18%. This type of dyeing weakens 
the fibre by about 50% and lowers its elasticity as compared with indigo 
vat dyes. The expts. are described and the results are tabulated. (Copied 
complete from Chem. Abs., 1933, V. 27, P. 5982.) (W) 


ViscosE DyrEInc (Properties). S. M. Neale. Silk J., 1933, V. 10, No. 
111, P. 26-7. 
The dyestuff affinity of viscose yarn can be detd. by dyeing + 0.05 g. 
hanks of the yarns to be tested in a standard dye bath contg. 0.05 g. of 
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Sky-Blue FF and 1 g. of NaCl per 1. at 90° for exactly 5 min. Upon 
removal from the dye bath the hanks are dipped into very cold H,0O, 
removed, blotted dry, and placed in numbered bottles contg. just sufficient 
25% soln. of pyridine in H,O. These are held at 40-50° for an hr. or two, 
in order completely to strip the dyestuff from the yarn. The dyestuff 
present in the aq. pyridine soln. is detd. colorimetrically by comparison 
with a standard soln. in aq. pyridine. The technic can be applied to the 
study of unevenly dyed viscose goods and to mercerized cotton. (Copied 
complete from Chem. Abs., 1933, V. 27, P. 5544.) (W) 


VOLUMETRIC DETERMINATION OF SULFUR IN VISCOSE BY MEANS OF BEN- 
ZIDINE HYDROCHLORIDE. Luigi Tanfani. Seta artif., 1932, V. 4, P. 
87-8. 

Viscose is treated in an alk. medium with H,O,; aq. benzidine-HCl is 
added, and the change in acidity is detd. titrimetrically. (Copied complete 

from Chem. Abs., 1933, V. 27, P. 5533.) (W) 


WATER AS APPLIED IN FINISHING CorToN PIECE Goops. J. Andrew Clark. 

Cotton, 1933, V. 97, No. 6, P. 31-5. 

Methods of removing hardness and effect of mineral matter on textile 
chem. operations are described. The purposes to which H,O is applied in 
finishing operations are enumerated. (Copied complete from Chem. Abs., 
1933, V. 27, P. 5547.) (W) 


WETTING AGENT: SHIRLACROL, A NEW PHENOLIC. G. T. Morgan, D. D. 

Pratt and A. E. J. Pettet. Dyer, 1933, V. 69, P. 549-50. 

Commercial Shirlacrol, for use in NaOH solutions of concentrations up 
to 26% by weight (e.g., as used in the mercerization of cotton), consists 
of a fraction of vertical-retort tars distg. between 210° and 270° and con- 
taining on an average 55-60% by volume of material distg. below 230°. 
Laboratory and full-scale tests indicate that it is a superior wetting agent. 
It is the result of investigations at the Chemical Research Laboratory, 
Teddington, in collaboration with the British Cotton Industries Research 
Association. (Copied complete from Chem. Abs., 1933, V. 27, P. 
3829.) (W) 


IV. ResearRrcH METHODS AND APPARATUS 


CELLULOSE DERIVATIVES: COLORING OF, BY AQUEOUS IODINE SOLUTIONS. 
L. Clément, C. Riviére and A. Beck. Chim. et Ind., 1933, V. 29, P. 
1283-6. 

Celluloses, hydrocelluloses, hydracelluloses and oxycelluloses, are col- 
ored by aq. I solns.; the color can be completely removed by prolonged 
washing with H,O. Cellulose treated with 71% HNO,, washed, treated 
with aq. I and washed thoroughly remains bluish gray, probably as a re- 
sult of depolymerization of the cellulose mol. by HNO, with formation of 
products akin to starch. Cellulose derivatives, when treated with aq. I 
and washed thoroughly, acquire the following colors: Nitrocellulose yel- 
low, acetyleellulose straw-yellow, nitroacetate deep yellow, butyrate deep 
maroon, ethylcellulose very deep red-brown (almost black), benzyleellulose 
brown (almost ‘‘red’’). The I fixed by the cellulose derivatives is prob- 
ably adsorbed or forms a sort of solid solution; it is completely eliminated 
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by heating, and the product remains colorless on cooling; no I is removed 
by aq. KI or by org. solvents which have no gelatinizing or solvent power 
on the respective derivatives. The solid adsorption product is broken 
down by warm Na,S,0, solution. Under similar conditions, starch ace- 
tate acquires a yellow color identical with that of the acetylcellulose. 
When treated with aq. I and washed, cellulose acetate that has been ex- 
posed to x-rays is more strongly colored than non-irradiated cellulose 
acetate. If irradiation is effected under a photographic negative, there 
is obtained a photograph which can be developed in 0.2 N I, and the I 
thus fixed can be converted into starch iodide or even AgI. (Copied com- 
plete from Chem. Abs., 1933, V. 27, P. 4392.) (W) 


CINEMATOGRAPHIC ANALYSIS OF SWELLING IN THE DARK FIELD BY THE USE 
OF A MICROMANIPULATOR. I. MECHANISM OF SWELLING OF CELLULOSE 
FIBRES, STARCH GRAINS AND SIMILAR Forms. Kurt Hess and Bruno 
Rabinowitsch. Kolloid-Z., 1933, V. 64, P. 257-68. 

Cellulose fibres, from American and Indian cottons, after NaOH treat- 
ment, were swollen in Cu-NH, soln. During the first stage flowing particles 
with characteristic directional flow and exhibiting Brownian movement were 
observed in the interior of the fibre. After reaching a definite vol., the 
fibre bursts at various points. The inner liquid flows into the outer liquid 
in less than 0.1 second. The swollen fibre acts as an osmotic cell with an 
elastic semipermeable membrane which is not identical with the known 
cuticle. Starch grains swollen at 70° but not converted to paste, show no 
phenomena until ale. is added, when a lively Brownian movement appears. 
Swelling of starch in ale.-water solns., observed macroscopically, shows a 
min. at 40% ale.; above this concen. the sediment is pasty. Swollen starch 


grains possess a membrane which is very elastic and of high rigidity. On 
puncturing, the cell contents emerge slowly and continue to show Brownian 
movement. The Brownian movement was observed with wool, natural silk 
and gelatin. Swelling is a sequence of the following steps: (1) penetration 
of liquid through membrane, (2) chem. compd. formation with micelles, (3) 
soln, of the compd. in the interior of the fibre, (4) continued osmosis till 
bursting. (Copied complete from Chem. Abs., 1933, V. 27, P. 5613.) (W) 


COTTON AND VISCOSE RAYON MIXxTURES: ANALYSIS OF. B. P. Ridge and 
K. Turner. J. Soc. Chem. Ind., 1933, V. 52, P. 86T. 


Since both cotton and viscose rayon consist of cellulose, analysis of 
mixtures requires special methods. The fluidity of a 0.5% solution of 
raw cotton in cuprammonium hydroxide has a value of 1-2, whereas a 
solution of viscose rayon of the same concentration has a fluidity value of 
36-40 (J. T. I., 1928, V. 19, P. 77). A linear relationship holds between 
the percentage of viscose fibre in a mixture and the logarithm of its 
fluidity. Pa (log, F—b), where P is the percentage of viscose in the 
mixture, F the fluidity, and a and b are constants depending on the kind 
of cotton and viscose in the mixture. Points for Memphis-Vistra mix- 
tures appear to lie on a significantly lower curve than those for Sakel, 
Uppers, Texas cottons, and A quality and Vistra rayons. The method is 
more suitable for mixtures containing over 25% of viscose and for un- 
bleached yarns. 

An alternative method is the ‘‘hypobromite-copper number’’ method, 
which depends on the fact that viscose rayon, when oxidised by alkaline 
sodium hypobromite under specified conditions (J. 7. J., 1930, V. 21, P. 
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85), has a copper number more than double that for cotton similarly 
treated. After the standard treatment the copper number of scoured 
cotton is 1.5, that of trade mercerised cotton 2.2, and that of viscose 
rayon nearly 4. The percentage composition of a mixture of normal cot- 
ton and viscose is obtained from the equation P = 400 — 60, and for mer- 
ecerised cotton and viscose P= 35C— 120, where P is the percentage of 
viscose, and C the observed copper number of the oxidised mixture. This 
method is more suitable than the above for mixtures containing small 
amounts of viscose and for bleached materials. Neither method is claimed 
to be precise since the constants depend on the exact nature and condi- 
tion of the components. The fluidity method can also be applied to mix- 
tures of cotton and wool or silk. (Copied complete from The Analyst, 
June, 1933, P. 365.) (S) 


‘¢DEFORGARN’’ TENSILE TESTING APPARATUS. P. Krais, G. Krauter, and 
H. Weinges. Leipz. Monats. Text. Ind., 1932, V. 47, P. 238-239. 
Improvements are described in the Deforden testing instrument for 

fibres, yarns, and fabrics. The new machine consists of three parts; first, 

a special motor drive giving seven different rates of loading from 35 to 

160 seconds, and requiring only 15 seconds for unloading; second, a load- 

ing system providing for maximum loads of 15, 35, 200, and 500 gms.; 

and third, the actual breaking device, which is based on that of the old 

Deforden apparatus but provides for loading and unloading, and a length 

between the grips from 0 to 20 em., and has a recording device for tracing 

load-extension diagrams. Typical curves are reproduced for rubber band, 

120 den. viscose rayon, viscose rayon filament, and wool. (Copied com- 

plete from J. T. I., March, 1933, P. A163.) (S) 


MICROBALANCE. W. W. Loebe and R. Kihn. Z. Instrwmentenk., 1933, V. 

53, P. 21-27. 

A robust balance for the range 1.5 to 3 mgm. is described. The beam 
is of quartz and T-shaped. The ends of the cross piece are attached to the 
centres of two spiral springs and the outer ends of these are connected 
with a stirrup mounted in a special bearing. The end of the axle of the 
stirrup piece carries a glass pointer which moves over a glass dial on 
which graduations are photographed so that they appear white on a black 
background. The adjustment of the zero and manipulation are explained. 
(Copied complete from J. T. I., March, 1933, P. A162.) (S) 


MOISTURE DETERMINATION: SAMPLING OF BALED CoTTON For. C. Levi. 
Boll. reparto fibre tessili vegetali staz. sper. ind. carta fibre tessili 
vegetali, 1932, V. 4, P. 163-7. 

An arrangement is described which allows a small sample of cotton 
to be withdrawn from the interior of a bale without opening it. (Copied 

complete from Chem. Abs., 1933, V. 27, P. 4679.) (W) 


RAYON Fasric CROSS-SECTIONS: PREPARATION. W. Coordt. Monats. Seide 

u. Kunstseide, 1933, V. 38, P. 69-70. 

For the examination of a series of warp threads, for example, a strip 
of fabric is cut in the direction of the warp with a width of about 1 cm. 
The weft threads are withdrawn from the central portion of the strip, 
which is then placed across a special metal box. The embedding material 
is poured in and allowed to cool, and the block is cut into sections in the 
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usual way. Each section contains sections of a series of warp threads in 
the same relative positions as in the fabric. These can be photographed 
together or individually. Photographs of the apparatus and photo-micro- 
graphs of typical sections are given. (Copied complete from J. T. 1., 
April, 1933, P. A221.) (S) 


Sutrur DyEs: DETERMINATION oF. B. S. Smirnov. Anilinokrasochnaya 
Prom., 1932, V. 2, No. 10, P. 28-30. 
The pure dye content of con. S dyes is readily detd. by electrolyzing 
a solution of the dye in aq. Na.S until oxidation is completed and weighing 
the ppt. of pure dye. Pt electrodes and a current of 3 amp. for 30-75 
min, are most suitable. (Copied complete from Chem. Abs., 1933, V. 27, 
P. 4678.) (W) 


Book Review 


MopEerRN TEXTILE Microscopy. J. M. Preston. Emmott & Co., Ltd., Lon- 
don, Eng., 1933. Pp. 315, 134 illustrations. 


Of the sixteen chapters composing the volume, two are concerned with 
the microscope and its optical system, and one with illumination of the 
specimen. The remaining chapters deal with techniques developed by many 
workers, and among them those on micrometry, staining, swelling methods, 
and polarized light are outstanding. The latter occupying some 44 pages 
is the longest in the book, but is devoted largely to consideration of re- 
fractive indices. The book as a whole is written for the research worker, 
who is assumed to have a sound foundation in physics, chemistry and 
mathematics. 

The average textile student or textile worker will perhaps be disap- 
pointed in the book. For the textile technologist, however, it brings to- 
gether concisely data from diversified sources, in themselves sometimes in- 
convenient of reference, or at best time-consuming in this respect. It is a 
pity that apparent haste in publication should be quite as evident as it is. 
There are a number of typographical errors and such substitution as 
*“dernier’’ for ‘‘denier.’’ More important are the arithmetical errors such 
as the three occurring in Table XXXII on Page 261. Such obvious mis- 
takes as these make the reader somewhat suspicious of the other tables, 
although in most cases needlessly. 

A serious omission is the lack of captions to accompany the illustrations. 
Many of these pictures will not be self-explanatory even to an expert in 
textile microscopy. To be obliged to search the text for references to 
figure numbers (sometimes many pages away) makes efficient use of the 
book needlessly difficult. The collected references, tabulated numerically 
as well as by author, are of considerable value. 

While the book is not suited for use as a text, it is a worthwhile con- 
tribution to the all too small number of comprehensive reference works on 
textile microscopy. Mr. Preston is to be congratulated on the production 
of a well written and painstaking summary of the present status of this 
branch of textile technology—to the reviewer’s knowledge, the only one of 
its kind in English. (S) 


